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Tutorial Overview 



This tutorial introduces you to the basic features of the Quartus™ 
programmable logic development system. It shows you how to create and 
process ymix mm logic designs quickly and easily. 

The sessions in this tutorial show you how to create and process a finite 
impulse response (FIR) filter design, called fir_filter. You wiU create several 
design files using text and graphic design entry. This tutorial describes a 
"top-down" hierarchical design method, in which you create a top-level 
block diagram first, and then create the lower-level designs. You will then 
compile all project files, specify timing requirements, and view timing 
analysis results. You will also perform a timing simulation and analyze the 
results. Finally, you will download the design into an Altera® APEX™ device. 

The fir_filter tutorial is designed to help you leam how to use the Quartus 
software quickly. The tutorial is modular, so you can complete the sessions 
at your own pace; you can work through one session at a time, or complete 
the whole tutorial ittlm lififfi^ The tutorisd is divided into the followii^ 
five sections: 



■ "Design Entry" on page 8 teaches you how to create a top-level Block 
Design File (.bdf) using the Block Editor. You will also create several 
lower-level Verilog Design Files (.v) using the Text Editor and the 
M«^lfeard™ Plug-In Manager. 

■ "Compilation" on page 51 teaches you how to compile a design 
using CompOer settings to control compilation processing. You will 
also leam to view the floorplan that shows how the Compiler placed 
logic in the device, and how to make location assigrmients. 

■ "Timing Analysis" on page 72 teaches you how to analyze the timing 
performance of logic in a design, inclildimf biWto perform multi- 



■ "Simulation" on page 92 teaches you how to create a Vector 

Waveform File (.vwf) that contains input vectors for timing 
simulation. You will also leam how to create Simulator settings to 
coattoil^taiilMMl plDcessii^ before performing a ttmii^ 
simuiatiozL 

■ "Progranmiing" on page 108 teaches you how to use the Quartus 
Programmer to configure an Altera device. 
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Tutoriiil Mtos 



The Quartus installation process copies all tutorial files to your hard disk, 
and creates the following directories at the same level as the quartus 
dtaectory:-^., ,|, 

DirectotyN^Wi^ Description: 
\qdesigns Quartus work directory. 



\qdesigns\tutorial Contains all files for this tutorial. This 

directory includes a readme.txt file that 
describes any changes to the tutorial since 
' - ^ manual was printed. 



Directory in which you should create the 
flr_filter project. Use this directory to prevent 
accidental changes to the original des^ files 
j rtricn-ji ^i^^.^^^J^s^oslktotoriiil directory. 

On a UNIX workstation, the qdesigns directory is a subdirectory 
g^^^JusT directory. 




Command Shortcuts 



Many Quartus commands have a variety of shortcuts. However, this 
tutorial focuses on the primary commands, and does not cover all of the 
shortcuts. For information on available mouse, keyboard, toolbar, and tool 
palette shortcuts, refer to Quartus menus, the Toolbars command (Tools 
menu) , and Quartus online Help. 

.f\Z' - i i 
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Getting Help 

Throughout the tutorial, you can follow the footprints (" m) for useful 
references to Quartus Help. Online Help provides the most up-to-date and 
complete information on all Quartus features. Two of the easiest ways to 
get online Help are by using the context-sensitive Help feature, and the 
search index. You can also a^ccess Help by using the cqo^ten^ list or full- text 
search feature. 



CoittextoSen^it^e Help 

Context-sensitive Help gives you instant help when you need it. You can 
access context-sensitive Help in these ways: 



Method: 

ShJft+Fl keys 



Descri{ition: 

Press Shift+Fl, point to an item on the screen, a 

text file keyword, or a menu command, and 
then click the left mouse button to obtain help. 



Fl key When a menu command is highlighted, a dialog 

box is open, or a pop-up message box is 
displayed, press Fl to obtain help. You can also 
press Fl when any Quartus application window 
is displayed to obtain general information 
about the context-sensitive Help a\^able for 
that application. 



Help command When you want help on a message displayed in 

the Messages window, select the message and 
cJ^Qose Help (rij^t button pop-up menu). 
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Help Search Ind^ 



Quartxis Help includes an extensive index to help you find information 
quickly. To search for a Help topic, follow these steps: 



1. 



In the Quaxtus window, clioose Index (Help menu). 



If the Quartus Help window is already open, click the Index tab. 

2. In the Type in the keyword to find box, type a keyword or phrase. The 
keyword list scrolls to display the keywords that match the text you 
type, m Aown in the following illustration: 



Index tab 



Help topic 



rrr 




O 

Stop 




Refresh 



Home Print 



Index j Search | 
Type 6n the key vwjrcf to ftiet 



I introduction, Quartus software 

Block Editor 
CDmpiler 
EDA intaiaces 
Bnbedded Logic Analyzer 
Floorplan Editor 
tvlessages window 
Programmer 



Report window 

SignalTap 

Simulator 



Qsplay 



Welcome to Quartus! 



I 





The Quartus™ development software provides a 
complete design environment that easily adapts 
to your specific design needs. Regardless of 
'hether you use a personal computer or a 
orkstation, the Quartus software ensures easy i 
design entry, fast processing, and stralghtfotwai^ 
device programming. 

The Quartus software is a fully integrated, 
architecture-independent package for designing 
logic with Altera® programmable logic devices, 
noluding APEX™ devices. The Quartus software 
offet^^uj^gegtwndlMiod^igjToaga^^ 



3. To display a topic, select a topic name and click Display or double- 
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Help Comwn^ 



'nidi 



Quartus Help includes a Contents list, to help you locate information by 
category. To use the Contents list, follow these steps: 

1 . In the Quartus window, choose Contents (Help menu) . 

or 

If the Quartus Help window is already open, click the Contents tab. 
See the MteHiiag illustration: 



Contents tab 



Help topic 




;k Forward Stop Refresh Home Print 



•^Ttents j Index 



Search 



Quartus Introduction 
B ^ Using Quartus Help Effectively 
^ Quartus Help Introduction 
J] L cntacting Altera 
(] Specifying a License File 
i] Copyright Notice 
J Starting Projects 
^ Getting Information About Projects 
^ Creating and Editing Block Diagram; 
^ Creating and Editing Design Files 
f\ Creating a Design File with the Meg 
~] Initializing Embedded Memory 
^ Editing Tejct Designs 
_J Scripting 




The Quartus™ development software provides a 
complete design environment that easily adapts 
41 to your speoific design needs. Regardless of 
iwhether you use a personal oomputer or a 
iworkstation, the Quartus software ensures easy 
design entry, fast processing, and straightfonvard 
device programnming. 

The Quartus software is a fully integrated, 
architecture-independent package for designing 
logic with Altera® programmable logic devices, 
including APEX'" devices. The Quartus software 
offers a f uH spectrum of logic design capabilities: ' 



CHeklng the + Scon extmd$ We folder so Mtyou can see Its mntents. 

2, Click tiie + icon to espand the folder you want to open. 

3. To dispiiy a topic, click tiie topic nmne. 
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Help FiilPiiiit Search 



Quartus Help includes a full-text search to help you find the Help topics 
that contain the text you specify. To use the full-text search, follow these 
steps: 

1. In the Quartus window, choose Search (Help menu). 
or 

Mte l^lffisMwi nip window is already open, click the Seardi tab. 
See the following illustration: 
Search words Search tab Help topic 



^ o 

Forward Stop 



lype: in tlie wurdlii lo ieaici' 



V^elcome to Quartus 





Display 



Founct 2 



Title 



fi'Velcome to Quartus! Quartus Help 1 



Welcome to Quartis... Quartus Help 2 



r" Seal- ch previous resets 



The|^^||"' development software provides a 
complete design environment that easily adapts 
your specific design needs. Regardless of 
hether you use a perso nal computer or a 
orkstation, the software ensures easy 

jdesign ^try, fast processing, and straightforward 
lewioe programming. 

The BBH software is a fully integrated, 
architecture-independent package for designing 
logic with Altera® programmabl e logic de vices, 
including APEX"' devices. T he software 



Words matched 
in the search 
are highlighted 
in the Help 
topic. 



2. In the Type in the word(s) to seardi for IieM l^gi|||^ word(s) that 

you want to search for in Help. 

3. To broaden or narrow a s 
options: 



To limit a search to Help topics found in a previous search, 
turn on Search previous results. 

To search for similar words, turn on Match similar words. 
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To limit the s@nc^lQ( M^fiQpic titles only, turn on Seardi 
titles only. 

4. To begin a search, click list Topics. The titles of the Help topics that 
match the search criteria appear in the Select topic list. 

5. To display a topic, select a topic name and click Display or double- 
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Design Entry 



In the Quartus software, a "project" consists of the complete set of design 
flies, assignment files, simulation files, system settings, and hierarchy 
information for a design. The project you create in this tutorial 
demonstrates top-down design methodology. The following five tutorial 
sessions guide you through the steps needed to create the fir_fllter tutorial 
project, and then explain how to create a top-level Block Design File (.bdf) 
that contains blocks representing the lower-level design files. Next, you 
create the lower-level Verilog Design FUes (.v) that these blocks represent. 
You complete the design entry sessions by creating a custom 
megafimction variation that is instantiated by one of the lower-level design 
flies. 



Session t; Stmt lilt Qiiartus Soft^nre 

In this session, yau viil stmt the Quartus software to begin creating your 
project. 

IC#^ This tutorial assumes that the Quartus working directory, which 
has the default name qdesigns, appears on the d: drive on your 
computer. If you installed the Quartus working directory in a 
diff^erent drive and/ or directory, substitute the appropriate drive 
and/or directory name. 

To start the Quartus software, follow these steps: 

1. Choose Fliip«m>Jibera>Quaitus 1999.10 plRd!^^ 
menu). 

or 

Type quartus *' at the command prompt. The Quartus window 
opens. 

See the folov^g illustration: 



QuarCiis Tutorial 



Close button 

Pfoieai^vigatormdew Maximize button 

Cllddng the dose (X) button closes the Project Navigator. Minimize button 













WBk Compilatk 


n Hierarchies 




^ShM«||||gM|||||d|H^ 


o 




-llJLjB>|Mi8jlM A System i^^^i^^^^^^^^^^^^^^^^^^^^^^^^ 





Messages window 



2. Maxim ize the Quartus window by clicki ng th e Maximize button, as 
ISSMliipli^lft iUustration. 

Session 2: Create a Project 

The Quartus software offers a New Project wizard to help you create a new 
project. To create a project using the New Project wizard, follow these 
st^s: 

) 



/mtmOiifmama 
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1. Choose New Project Wizard (File menu) . The New Project wizard 
appears. The first time you open the New Project wizard, it may 
display the Introduction page; you can click Next to proceed to the 
first page of the wizard. The follovwng lUi^tration shows the first 
page of the New Project wizard: 



Working 

directory name 
for ttie project 



Project 
name 



Name of- 
top-ievel 
design 
entity 



What is the working directory for this project? This directorii will contain design files and 
other related files associated with this project. If iiou a directory name that does not 
a^^t^Q^^ 

-ld:\qdesigns'\fir_filter .„ I 




me of the top-level design entity in yout project? The Quartus software will 
create Compiler and Simulator settings fm the top-level enti^ you specify In 
iter you cieate a project, you can add more top-level entities and create 
Simulator settings for them Mth commands on the Processing menu. 



■J 



Nest > 



Cancel 



2. Type the directory name in the working directory box, or select the 

directory with Browse (...). For this exam^|^^ipig #j \i|itesigns\ 
fir_f liter or browse to select it. 

3. Type a name for the project ii ftH^Oject nm^ teifc Aii- 
example, type fir_f liter. 

4. Type filtref as the name of the top-level design entity of the 
project in the top-level design entity box. 

jiy^ By default, the project name you enter appears as the 

name of the top-level design entity. However, you can use 
a different top-level design entity name, as this step directs 
you to do. 
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Click Next. The second page of the New Project wizard appears, as 
shown in the following illustration: 



Select the design files you vsiant to include in your project. Cfick Add All to add eH design 
files in the project directory. Note: it is optbnal to add files heie unless you have design 
files not contained in the project directory, or files in which the file name is not the same as 
the entity name. 



File name: 



\6:\ 




If your project includes libraries of custom functions, specif their 
pathnames: 



!<t> 



6. To add all of the design files in the project directory to the project, 
click Add All. Because fir_filter is a new project, the list is empty. 

IC#^ If you are creating a project for which design files or other 
source files already exist, you can also use Browse (...) to 
select the files, and then click Add to add them to the 
poject 

7. Click Next. The Summary page appears. The Summary page displays 
the project settings you specified in the wizard, such as the working 
directory, the name of the project, the top-level design entity, and 
the number of files in the project, as well as information about user 
libraries, EDA tools, and the device assignment. See the following 
iUustmttefi: 
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When you click Finish, youi project will be created with the following settings: 

Project directory: 

d: \qdesigns\fir_Wter'\ 

Project name: fir_ftet 

Top-level design entity: fiftref 

Number of files added: 

Nurmber of user libraries added: 

Libraries copied from previous prcqect: 

EDA tools (copied from EDA Tool Settings [Project menu] for the previous project): 

Design entry/synthesis: <None> 

Simulation: <None> 

Timing snaWm. <Mone> 

Device assignment (copied from Compiler Settings [Processing menu] for the previous 
project): 

Family name: APEX20K 
Device: AUTO 



8. Click Finish. The project is now created. The top-level design entity 
name appears in the Hierarchies tab of the Project Navigator 
window. See the following illustration: 




Top-level design entity nam 
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Session 3: Create a Block Diagram 

This session describes how to create a block diagram as the top-level 
design entity in the project. You will start by creating the top-level design 
entity, filtref.bdf. 

If you are already familiar with design entry using the Quartus 
Block Editor, you can significantly reduce the time required to 
complete this tutorial by copying the following Altera-provided 
files from the \qdesigns\tutorial subduectcu^ into the 
\qdesigns\fir_filter subdirectory: 



FileNanii^ ' Description: 

ffltref.bdf Top-level Block Design File. 

mulLv Custom VerUog HDL variation of the 

lpm_inul t megafunction created with the 
MegaWizard Plug-In Manager. This file is 
represented in the fiO[tref.bdf schematic as 



Altera recommends that you copy tutorial files by opening them in the 
Quartus software with the Open command (File menu), choosing Save As 
(File menu) , turning on Add file to current project, and then saving the file 
to the \qdesigns\fir_filter subdirectory. Once you have copied the Altera- 
provided files, you can skip to "Session 4: Create Verilog Design Files" on 
page 43. 
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This session includes the following steps: 

1 . Create a new Block Design File (.bdf) . 

2. Create a block. 

3. Enter primitive and megafunction symbols. 

4. Change the Block Editor display options. 

5. Enter input and output pin symbols. 

6. Name the pins. 

7. Coimect symbols and blocks. 

8. Map signals between blocks. 



In this step you will create a new Block Design File (.bdf) called flltref.bdf . 
This file is the top-level design entity of the flr_fllter project 

To create a new BDF, follow these steps: 



2. In the Design Files tab, select Block Diagram/Schematic File. 

3. CUck OK. A new Block Editor window opens. 

4. Choose Save As (File menu) . 

5. Select the folder where you want to save the BDF. The Save As dialog 
box should automatically display the project directory name, 
d:\<|desi^;m\fir^t^f as the directory for saving dp fite. 

6. M te Me name type f i 1 tr e £ as the name, if necessary. 

7. If necessary, turn on Add file to current project. 

8. Click Save. The file is saved and added to the projfc.t. 



1. 



Create a New Block Design File 



1. 
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2. Create a Block 



Follow tbese steps to create a new blodc in the filtref.bdf file: 

1. In the Block Editor window, click the Block Tool button on the Block 
Editor toolbar. The Block Editor window has the following default 

toolbar buttons: 



A 



- Selection Tool 

- Text Tool 
-Symbol Tool 
-BloekTool 

- Orthogonal Node Tool 

-Zoom Tool 
-Fullscreen 



-Hip Vertical 
-Rotate Right 90 

- Rectangle Tool 

■ Oval Tool 

- Line Tool 

■ Arc Tool 



2. Click in a blank space in the Block Editor and drag the Block Tool 
pointer until the block is the size you want. 



You can use the Undo and Redo commands from the Edit 
I .make cou&^mm^ neeemry. 



See the following illustration: 



Altmi Corpomtion 
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... -Inix 



block 



m 













-Block symbol 



- I/O ports table for the block 
(empty because ports have 
not been specified yet). 



3. CHck Selection Tool (arrow) button on the Block Editor toolbar. 

4. With the Selection Tool, double-click the new block. The Block 
ProfMsrttes dialog box appears. 

5. Click the General tab. See the following illustration: 




In the Name box, type taps as the block name, and keep the default 
testence nMte, inst. 

Click the I/Os tab. 
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8. Under I/O, type c 1 k in the Name box as the first port name, and in 
the l^e list, select INPUT. 

9. Click Add. The elk port name appears in the Existing block I/Os list, 
as shown tetto foUiPwiiigillustration: i < . 




10. Repeat steps 8 and^ tp each of die pfi^|^|nes shown in the 
following table: 

You can type in all of the input port names at once, 
separating each name by a comma, and then cHck Add. 



Nan^ Type: 

elk (aheady entered) INPUT 

reset INPUT 

sel[l..;0] INPUT 

newt INPUT 

d[7..0] INPUT 

x[7..0] OUTPUT 



Altera Corporation 
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11. Click OK. You have now specified the input and output ports of the 
taps block. In session 4, you will learn how to create the design file 
ftat tbe taps block represents. 

12. Select the taps block. 

13. Choose AutoFlt (right button pop-up menu). This command resizes 
the border of the taps block to fit proportionally around the I/O 
ports table, and ensures that all data about the block is visible. See 
the following illustration: 



taps 



l« 




elk 


INPUT 


reset 


INPUT 


sel[1 ..0] 


INPUT 


newt 


INPUT 


d[7..0] 


INPUT 


xi7.m 


OUTPUT 




14. 



Repeat steps 1 throu^ 13 to create three more blocks — state_m, 
hvalues, and acc — ^with the ports listed in the foUowii^ tables. 



I^se ports for ttie s ta te_m block: 
Type: 



Name: 

elk 
reset 

newt 
sel [1. 

'aext 
first 



.0] 



INPUT 

INPUT 

INPUT 

OUTPUT 

OUTPUT 

OUTPUT 
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Sp^gi^ J^^e ports for the hvalue s block 

Name: Type: 

sel[1..0] INPUT 
h[2..0] OUTPUT 

Specify these ports for the acc block: 

Name: Type: 

xh[10..0] INPUT 

elk INPUT 

first INPUT 

Yn[7..0] OUTPUT 

15. To move any of the blocks to a new location, click the Selection Tool 
button on the Block Editor toolbar or press Esc to activate the 
Selection Tool, and then drag the block to a new location. When you 
have finished, the four blocks should appeeir roughly as shown in the 



taps 



BO 




elk 


INPUT 


reset 


INPUT 


sel[1 ..01 


INPUT 


newt 


INPUT 


d[7..0] 


INPUT 




OUTPUT 



hvalues 





TVDB 


sel[1 ..0] 


INPUT 


H2.m 


OUTPUT 







elk 


INPUT 


reset 


INPUT 


newt 


INPUT 


sel[1 .0] 


OUTPUT 


next 


OUTPUT 


first 


OUTPUT 





TVDB 


xli[10..0l 


INPUT 


elk 


INPUT 


first 


INPUT 


ynl7..01 


OUTPUT 



i 



16. Choose Save (File menu). 
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3. Enter Primitive & Megafunction Symbols 

A Block Design File (.bdf) can contain both blocks, like those you have 
akeady created in this tutorial, and "ordinary" schematic symbols. The 
Quartus software provides symbols for a variety of logic functions — 
including primitives, Library of Parameterized Modules (LPM) functions, 
and othez' SH^efimctions — ^that you can use in the Block Editor. 

Follow these steps to enter a dff (D flipflop) symbol in the filtref.bdf file: 

1. Double-click in empty space in the Block Editor window. 

2. In the Symbol dialog box, in the Libraries list, click the + icon to 
expand the d:\quartus\libraries folder. Similarly, expand the 
primitives folder, and then expand the storage folder. 

3. In the storage folder, select the dff primitive. A preview of the new 
symbol appears in the Symbol dialog box, as shown in the following 
illustration: 
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As an alternative to steps 2 and 3, you can simply type df f 
in the Name box. 

4. Click OK. An outline of the DFF symbol is now attached to the 

pointer. 

5. Click the pointer at the desired location in the Block Editor window 
to insert the dff symbol into the design file. 

6. Repeat steps 1 through 5 to enter a dffe symbol in the filtref.bdf file. 

The next symbol you need to enter is a multiplier that is a variation of the 
lpin_mult megaftmction. You can use the MegaWizard Plug- In Manager 
to enter this sjnnbol. The MegaWizard Plug- In Manager allows you to 
create (or modify) design iiles that contain custom variations of 
megafunctions. These custom megafunction variations are based on 
Altera-provided megafunctions, including Library of Parameterized 
Modules (LPM) functions. The MegaWizard Plug-In Manager runs a 
wizard that helps you specify options for customization easily. The wizard 
prompts you about the values you want to set for parameters and which 
optional ports you want to use. Once the wizard generates the multiplier 
variation, you can instantiate it in the design file. 

To enter a mul t symbol generated by the MegaWizard Plug-In Manner, 
follow the$e steps: 

1. D<Mi^dick an empty space in the Block Editor window. 

2. In the Symbol dialog box, click MegaWizard Plug-In Manner. The 
first page of the MegaWizard Plug-In Meager is displayed, as shown 
in the following illustration: 
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3. When you are asked Which action do you want to perform?, select 
CresttB A tnew custom megafonction variation and click Next. 

4. In the Available Megafunctions list, click the + icon to expand the 
arithmetic folder, then select LPM_MULT. 

5. When you £ire asked Whdch type of output file do you want to 
creiil#,«^eet Verilog HDL. 

6. When you are asked What name do you want for the output file?, 
specify d:\qdesigns\fir_filter\mult.v and click Next. 

7. When you are asked How wide should the 'dataa' input bus be?, 

8. When you are asked How wide should the 'datab' input bus be?, 
selects. 

9. To accept the defaults for the remaining questions and generate the 
symbol, click Finish. A pre^^ew of die new symbol appears in the 
Symbol dialog box. 

10. Click OK. An oudine of the mu 1 1 symbol is attached to the pointer. 

11. To place the symbol, click an empty space in the Block Editor 
window. 

12. Choose Save (File menu). 
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The following illustration shows the correct arrangement of the four 
block symbols as well as the dff, dffe, and mult symbols: 



taps 







elk 


INPUT 


resel 


INPUT 


sel[1 ..0] 


INPUT 


newt 


INPUT 




NPUT 


x[7.^ 


OUTPUT 



I/O 




sel[1..0] 


INPUT 


h[2..0] 


OUTPUT 



state_in 







elk 


INPUT 


reset 


INPUT 


ne'M 


INPUT 


sel[1 ..0] 


OUTPUT 


next 


OUTPUT 


first 


OUTPUT 





mult 




dataaf7..01 










kresultnCOlj 


clatab[2..01 


'Unsigned 
multiplication | 

1 


inste 





I/O 


TvDe 


xhI10..0] 


INPUT 


elk 


INPUT 


first 


INPUT 


yn[7..0] 


OUTPUT 



Ina3 




i-> 



Iinst4 



i 



4. Change the Block Editor Display Options 

You can change the Block Editor display options, as needed. To change the 
Block Editor display options, follow these steps: 

1 . Choose Options (Tools menu) . 

2. In the Cati^ry list, under Blodc/Symbol Editor, select General. See 
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General 
$~Bbck/Syfflbol Editor 



General 





• Colors 




Fonts 


El Flooiplan Editor 




■ • General 




■ Colors 




Fonts 


5- Memory Edilor 




■■ ■ General 




Fonts 


3- Text Editor 




• • General 




■• Colors 




■ Fonts 


lil - Waveform Editor 




■ ■■ Goieral 




-View 




Colors 




Fonts 




Printing 




P' [Show guideline^ 

Guideline spacing: j|i ^ 
17 Snap to grid (applies only to Symbol Editorl 

? Use rubberbaroling 

17 Show parameter assqnments 
P Show block I'O tables 
P" Show mapper tallies 



OK 



Cancel 



3. In the General tab, turn appropriate settings on or off, according to 
yom pBrf@rence8. 

4. To modify the colors and fonts used in the Block Editor window, in 
^ Qf|i||pry M% i@l«€t Colors or Fonts. 

5. Click OK. 
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You can also view larger or smaller portions of the file with the Zoom Tool, 
vMth is available by dicking the Zoom Tool button on the Block Editor 
toolbar, and with the Zoom, Zoomin, Zoom Out, and Fit in Window 
commands from the View menu. 



5. Enter Input & Output Pin Symbols 

To enter input and output pirn, follow these steps: 

1. Click the Symbol Tool button on the Block Editor toolbar. The same 
Symbol dialog box that you used to enter the dff and dffe symbols 
appears. Note, however, that using the toolbar button opens this 
dialog box with the Repeat-insert mode option turned on. 

When Repeat-insert mode is turned on, an outline of the 
iselected symbol remains attached to the pointer, 
regardless of how many times you click the mouse pointer, 
allowing you to place multiple copies of the symbol easily. 
Whenever you want to stop placing copies of a symbol, you 
can press Esc or choose Cancel (x^t button pop-up 
menu). 

2. In the Symbol dialog box, in the Libraries list, click the + icon to 
e^and the d:\quartus\libraries folder, expand the primitives folder, 
aisul I^Ml e^and the pin folder. 

3. In the pin folder, select the input primitive. 

4. Click OK 

5. Click in empty space five times to insert a total of five INPUT symbols 
on the left-hand side of the file. Symbols are automatically named as 
pin_name<numfcer> in sequence. Press Esc. 

6. Repeat steps 1 to 5 to insert and position a total of three output 
symbols on the right-hand side of the fQe. See the following 
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!rry ■ „b3B 



I*. 



ptn_Rinw1i&" 



"T====C3ffiiBO 

J_.„i....Z ZjCcL..j 



laps 



wo 




elk 


INPUT 


1 eset 


NPUT 


sel[1 0] 


INPUT 


newt 


INPUT 


d|7..01 


INPUT 


47.01 


OUTPUT 



hv^jes 



















\resijltno..Oli 


i!lataW2„01_ 


f Unsigned 
muli^pttaiion 


1 imtt 





sel[1 ..01 



HB-.01 



l» 




elk 


INPUT 


reset 


INPUT 


newt 


INPUT 


selM ..0) 


OUTPUT 


next 


OUTPUT 


nrst 


OUTPUT 







xh[10,0l 


INPUT 


dk 


INPUT 


first 


INPUT 




OUTPUT 



TtSnjarrmfT" 



7. Choose Save (File menu). 



6. Name the Pins 

You will mmWMS Ibe input and output pins. To name a pin, follow these 
steps; 

1. With the Selection Tool, double-click the first input pin symbol you 
entered. The General tab of the Pin Properties dialog box appears 
automatically. See the following illustration: 
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2. In the Pin name(s) box, type clkx2 to replace the default name of 
the first pin, that is, to replace pin_narae. 

3. Click OK. 

4. Repeat steps 1 to 3 to rename each of the pins with the following 
names: 



PinfjiMes Rename As: 



INPUT 
INPUT 

INPOT 
INPUT 



clkx2 

(already entered} 

elk 

d[7. .0] 

reset 
newt 



Description: 

Derived clock for the FIR filter. 

Base clock for FIR filter. 

Data input to the FIR filter. 

Reset signal for the FIR filter. 

Input signal that loads the data 
inputd[7..0] into the taps 
function. 



27 



Quartus Tutorial 



Pin Type: 

OUTPUT 
OUTPUT 



OUTPUT 



RcaiameAs: 

yn_out [ 7 . . ] 

yvalid 

next 



Description: 

The FIR filter output data. 

Indicates that the yn [ 7 . . ] 
filter output of the acc function 
is valid. 

Indicates that the FIR filter is 
ready for the next 8-bit data 
input. 



5. Move the input and output pin symbols so they line up with the 
appropriate sjmabols or blocks, as shown in the following illustration: 



c/to(2 elk d[7..0] 




yn_out[7..0] yvalid 









INPUT 


eset 


INPUT 


selll.O] 


INPUT 


^euit 


INPUT 




INPUT 


«P 0] 


OUTPU 



dataaf7.J 







xh[lD .0] 


INPUT 


elk 


INPUT 


rint 


INPUT 




flUWul 



w 


Tiini 


5lk 


INPUT 


Teset 


INPUT 




INPUT 


selllO] 


OUTPU 




OUTPU 


first 


OUTPU 



i-> 




reset 



newt 



next 



Choose Save I 
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7. Connei^ Symbols & Blocks 

You can use the "smart" Selection Tool to draw most of the lines you need 
to connect symbols and blocks in a BDF. The lines that you draw to connect 
symbols include nodes, buses, and "conduits." Conduits are bus lines that 
represent one or more signals traveling to or from a block. 

The "smart" Selection Tool pointer automatically turns into an appropriate 
line-drawing pointer when it is over a symbol pinstub or a block border. 
For example, it turns into the Orthogonal Node Tool pointer when you 
point it at a symbol pinstub, and turns into the Orthogonal Bus Tool 
pointer when you point it at a block border. You can also draw lines of a 
particular type willi the Orthogonal Node Tool and Orthogonal Bus Tool. 

The Quartus software makes connections automatically between blocks 
that have been connected together, or between the signals on a bus and the 
names of I/Os in blocks, so the bus acts as a conduit for any niunber of 
signals. Go to "8. Map Signals between Blocks" on page 35 for more 
information about conduits and about mapping signals between blocls. 

To draw a bus or conduit line, follow these steps: 

1. CUck the Orthogonal Bus Tool button on the Block Editor toolbar. 

2. Click the pinstub of the elk input pin to define the start of the bus, 
and then drag the pointer to draw a line that connects to the border 
of the taps block. A "mapper" symbol appears automatically on the 
edge of the taps block where the bus connects to the block. A 
mapper allows you to map I/O port(s) in the block to signal(s) in the 
bus. Refer to "8. Map Signals betwem Blocks" on p^e 35 for more 
information about using block mappers. 

3. Repeat steps 1 through 2 to make the additional connections 

between symbols and blocks shown in the following table. You can 
also refer to Figure 1 on page 34, or to the Altera-provided filtref.bdf 
file. 

To draw a line that connects a node or bus to an existing 
node or bus, you can choose the Orthogonal Node Tool or 
Orthogonal Bus Tool button on the Block Editor toolbar 
(see step 1 on page 15 for an illustration of the toolbar 
buttons). When you draw a line that coimects a node or 
bus to an existing node or bus, a cormection "dot" appears. 
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Draw line Frbnt: 

INPUT pin elk 

Bus connecting input 
pin elk to taps block 

INPUT pin d [7. .0] 
INPUT pin reset 
INPUT pin newt 
Stat e_m block 

Q output of DFFE 

primitive 



taps block (already entered) 
statem block 



Bus connecting taps block to 
state_m block 

Bus connecting taps block to 
state_m block 

Bus connecting taps block to 
state_m block 

OUTPUT pin next 

OUTPUT pin yn_out [ 7 . . ] 



4. ddl ftg S^ection Tool button on the Block Editor toolbar, 

5. Repeat step 2 to make the additional connections between symbols 
and blocks shown in the following table. You can also refer to 
Figure 1 on page 34, or to the Altera-provided filtref.bdf file. 



Draw line I¥om: 

taps block 

Bus connecting taps 
block to hvalues block 

Bus connecting input 

pin elk to taps block 
.■.,,(• 

state_m block 
taps block 



To: 

hvalues block 
state_m block 

ace block 

acc block 

dataa [7 . . ] input of mult symbol 
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Draw Line From: To: 

hvalues block datab [ 2 . . ] input of mult symbol 

result [10 .. 0] output accblock 
of mult symbol 

6. Click the Orthogonal Node Tool button on the Block Editor toolbar. 

7. Draw a line from the D input of the dff symbol to the border of the 
Stat e_m block. 

8. Repeat step 7 to create the additional conduit connections between 
blocks and symbols, as shown in the following table. You can also 
refer to Figure 1 on page 34, or to the Altera-provided filttef.bdf file. 

Draw Conduit From: To: 

s tate^m block d input of the dff symbol (already 

entered) 

ac c block D input of the dffe symbol 

The connection from the state_in block to the D input of 
the DFF symbol is considered to be a conduit, because it is 
connected to a block; however, because it contains a single 
signal, it is acceptable to draw this line with a thin 
orthogonal node line, rather than a thick bus line. 

9. Select the bus (or conduit) that connects the input pin elk to the 
taps block, and choose Properties (right button pop-up menu). 

10. In the Conduit Properties dialog box, click the Signals tab. 
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The Connections list shows the signal connections for the selected 
coniiuic. i@e tiie foUovdng illustration: 



Genetal Signals | Font | Format | 



Signal: | 



Connections: 







i^'clk 


O^cik 


il^clk 






^newt 


^newt 




i^newt 














ni^ reset 


!#* reset 




^ reset 








1^ first 


A first 






^sel[1..0] 




«^sel[1..0] 

















By default, the output signals appear in colors that are different from 
the input signal colors. 

1 1 . Verify that the signals are correct, and then click OK. 

To draw a node line, follow these steps: 

1 . Click the Selection Tool button on the Block Editor toolbar. 

2. Draw a line from the pinstub of the Q output of the dff symbol to the 
inpmt ]^to$tub of die output pin yval id. 
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3. Repeat steps 1 through 2 to make the additional connections 
between pins and primitives, as shown in the following table: 



Draw Line From: 



To: 



Q output of DFF primitive output pin yvalid (already 

connected) 



INPUT pin clkx2 



clock input of DFFE primitivB 



node connecting the Q 
output of the DFF 
primitive to OUTPUT pin 

yvalid 



enable (ENA) input of the DFFE 
primitive 



To create a node that can be connected by name, draw a line from 
the clock input to the DFF symbol into an empty space. In "8. Map 
Signals between Blocks" on page 35, you v/131 learn how to complete 
the connection by name for this node. 

Choose Save (File menu). 



Altera Corporation 



I 



3S 



Quartus Tutorial 



8. Map Signals between Blocks 

fim Quartus sctftware offers diffi$rmt ways to map signals between blocks 
and symbols: 



Mapping Method: Description: 

"Smart" mapping If the I/O signed names in one block are the same as 
in another block, the common I/Os between the 
blocks are connected automatically. You do not 
need to label these buses or conduits. To prevent 
an automatic mapping, you can specify that a 
particular block's I/O port should be mapped to 
"nothing." 



Assigning names 
to nodes or buses 
(including 
"connection by 
name") 



If the I/O names are different between the blocks 
or symbols you want to connect, you can assign a 
name to the conduit that matches the name of one 
of the block's I/O ports to establish a mapping 
between that port and the bus or condiut. 

Assigning a name is especially useful if you want to 
connect a conduit to another conduit, even though 
those conduits are not physically connected. To 
create a mapping between these conduits and 
their blocks, you must first make sure that each 
conduit is connected to a block on one end, but is 
physically unconnected to any other block or 
symbol, ff you then assign matching neimes to both 
conduits (assimiing that those names also match 
I/O ports in the cormected blocks), you can 
establish a "connection by name" between the two 
conduits and their blocks. You can also use a 
similar mt^ethod t&. connect two nodi^ by name. 



Using "mappers" 
to specify 
mappings 
ejqjlicitly 



If the I/O names are different in the blocks you 
want to coimect, and the blocks are physically 
connected, you can specify the mappings 
explicidy. You can map the block I/O name to a 
signal on the bus and map that signal to the block 
. ^/QjomMliPau want to connect. 
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This section explains which signals are connected automatically through 
"smart" mapping, and shows how to map a total of six signals that are not 
mapped automatically. This section also shows how to assign appropriate 
names to two signals in order to establish connections, and how to specify 
explicit mappings for four other signals. 

In the flltref.bdf design, the following connections make use of "smart" 
block mapping— you do not need to name these connections: 

To: 

Block I/Os named elk in blocks 
that are connected to the elk pin 

Block I/Os named d [7. .0] in the 
taps block 

Block I/Os named reset in the 
taps and state_m blocks 

Block I/Os named newt in the 
taps and state_iii blocks 

Block I/Os named sel [ 1 . . ] in 
the hvalues and state_m blocks 

Block I/Os named first in the 
acc block 

OUTPUT pin next 



To assign appropriate names to some of the signals so they can be logically 
conseeted, foQow these steps: 

1. With the Selection Tool, select the conduit that connects the 
state_m blode ta the D input of the dff primitive. 

2. Choose Properties (right button pop-up menu). 

3. In the CoiiduiUP^ipefties dialog box, if necessary, click the General 
tab. 



From: 

INPUT pin elk 

INPUT pl^ili. .0] 

INPUT pin reset 

mPUT p^ B.witl:'^ *^ 

Block I/O neimed sel [ 1 . . ] in 
the taps block 

Block I/O named first in the 
state_m block 

Block I/O named next in 
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5. Click OK. The signal next is added automatically to the conduit, and 
the name appears above the conduit line. Adding this name creates 
a logical connection between tilie s tate_ni block and the D input of 
the DFF primitive. 

6. Follow steps 1 through 5 to name the node that feeds the Clock input 
of the DFF primitive. Name the node elk, so that you can create a 
logical connection, or a "connection by name, " from the input pin 
e lk to iSm Clock input of the DFF primitive. 

7. Choose Save (File menu). 

You must map four other connections exphcitly so that the Quartus 
software can properly connect the mul t symbol to other blocks in the file. 



^tma Cqrpomtim 
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To map other connections between I/O signals in blocks to differently- 
named I/0 tfiMls in other blodsByl 



1. On the bus that connects the taps block to the dataa [ 7 . . ] input 
on the mul t symbol, double-click the mapper symbol at the end of 
the bus on the taps block, as shown in the following illustration: 




When you double-click the mapper symbol, the Mapper Properties 
dialog box appears. 

2. In the Mapper Properties dialog box, if necessary, click the General 
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General | Mappings) 
Block name: 



Bbck inslance name: inst 




3. 'W^9p^mti.mlmt0mP&t. - ' 

4. Click the Mappings tab. 

5. In the I/O on block list, select x[7..0] . 

6. In ilpials in condtiit box, type dataa [ 7 . . ] . 

7. To map the connection, click Add. The mapping appears in the 
RtfaftBg mappings list, as sshown in ttte following illustration: 



Altera Caipetatkm 
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General Mappings | 
Conduit mapping — 



l/Oonblocl<: |x[7..01 


▼ 1 






Delete 


Signals in condufc |dataa[7..0] 







Add 



Existing mappings: 
Ua^hla^i Si. 
i<[7..0] dataa(7..0] 



SiirtiiaiAi 



Click OK. The signal dataa [7 . .0] is added to the bus, and a mapper 

table appears that shows the mapping information. This mapping is 

necessary to indicate which signals should feed the 

dataa [ 7 . . ] input port of the mul t symbol. See the following 

illustration: 



taps 



51^ 




elk 


INPUT 


reset 


INPUT 


sel[1 .0] 


INPUT 


newt 


INPUT 


dl7..01 


INPUT 


xt7..0] 


OUTPUT 




Mapper table 
Mapper symbol 
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9. Repeat steps 1 throu^ 8 to create the following mappings. You can 
also refe»ttsF%K62€i®|ii^i2, Of toiieAlleEa-pro^dedflltref.bdf 

me. 



Connection: Type: I/O on Block: Signals in Conduit: 

Busfromthe OUTPUT x[7..0] dataa[7..0] 

taps block to the 

dataa [7 . .0] 

input of the mult 

symbol 

entered) 



Busfromthe OUTPUT h[2..0] datab[2..0] 

hvalues block 
to the 

datab[2 . .0] 
input of the mul t 
symbol 



Busfromthe INPUT xh[10..0] result [10 0] 

result [10 . . 0] 
output of the 
mult symbol to 
the acc block 



Busfromtheacc BIDIR yn[7..0] ynE7..0] 
block to the D 
input oftheDFFE 
primitive 



10. Choose Save (File menu). The Block Design File is complete. See 
Figure 2 on page 42. 

I.. 
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Figure 2. The Completed Hltref.bdf Block Des^n FHe 
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INPUT 


reret 


pIPUT 




jlMPlJT 


nevv1 


llfJPUT 


dl7..0J 


Input 


x[7.,0J 


PUTPUT 







Tvoe 


sel|1 „0] 


INPUT 


h[2..0J 


OUTPUT 



^ Itate 



M 




elk 


INPUT 




INPUT 






£el(MJl 
next 


LiUTPU 1 


OUTPUT 


first 


OUTPUT 



mat 




dalabr2..01 

ifj ^ inaf. 



isultMO.Oi: 

. Unsigned 
multiplication 





TVDB 


xh[10..0] 


INPUT 


elk 


INPUT 


rrsi 


NPUT 


yn(7..0] 


OUTPUT 



in«r? 
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Session 4: Create Verilog Design Files 

Once you have created a block, you need to create the design file that the 
block represents, if it does not already exist. You can automatically create 
a design file that contains the basic framework for the blockthatrepresents 
it. You can then fill in the ixamework with the design details. 

If you are already familiar with Verilog HDL design entry using 
the Quartus Text Editor, you can copy the Altera-provided 
hvalues.v, taps.v, state_m.v, and accv files firom the \qdesigns\ 
tutorial subdirectory into the \qdesigns\fir_filter subdirectory. 
Altera recommends that you copy tutorial files by opening them 
in the Quartus software with the Op^ command (File menu), 
choosing Save As (FUe menu) , turning on Add file to current 
project, and then saving the fUe to the \qdesigns\fir_filter 
subdirectory. If you copy the Altera-provided files, skip to 
" Session 5 : Create a Design File with the MfigaWizard Plug-In 
Manager" on page 47. 

This session contains the following steps: 

1. Create a Verilog Design File (.v) for the hvalues block. 

2. Copy Verilog Design Files for other blocks. 



1 . Create a Verilog Design File for the hvalues 
Block 

To create the framework of aVerilogDesi|3i File (.v) forthe hvalues block, 
follow these steps: 

1. S(^^ibe hvalues block. 

2. Choose Create Design File (right button pop-up menu) . 

3. Under FUe type, select Verilog HDL. 

4. Tin MAdd the new dedgnffle to IbecuiTent project. 

5. Make sure that the FUe name box shows the hvalues.v file in the 
fir_filter project directory. See the following illustration: 
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C AHDL 

r VHDL 
VetilogHDL 
Schematic 




6. Click OK. The Quartus software confirms that the file has been 
generated successfully and automatically opens a Text Editor 
wfciSS^ttiat contains the new file. 

The Quartus software generates the file that is shown in Figure 3 on 
page 45, which includes a template for a module declaration, with 
port declarations that correspond to the data you entered in the 



You may notice a few pairs of Quartus-generated 
conmients that start with "altera" and end with "do not 
REMOVE THIS LINE ! " The information between these 
pairs of comments can be updated later by the Quartus 
software, so you must not enter text between them. 
However, you can enter other Verilog HDL statements 
outside of these commented sections. 




block: 
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Figure 3. Excerpt front the Quartus-Generated hvalues.v File 

II Module Declaration 
module hvalues 
( 

// { {ALTERA_ARGS_BEGIN} } DO NOT REMOVE THIS LINE! 
sel , h 

// {{ALTERA_ARGS_END}} DO NOT REMOVE THIS LINE! 

) ; 

// Port Declaration 

// { {ALTERA_IO_BEGIN} } DO NOT REMOVE THIS LINE! 

input [1:0] sel ; 
output [2:0] h; 

// {ma^Kkjmi^M^fWia hot ssmm, this line! 

endmodttSe 



7. Add the following lines to the hvalues.v file to implement the design. 
Insert these lines just before the endmodule statement: 

reg [2:0]li; 

aiMays §(Sfil) 

case (sel) 

2'b 00 : h = 3'b 111; 

2'b 01 : h = 3'b 101; 

2'b 10 : li = 3'b Oil; 

2'b 11 : h = 3'b 001; 

endcase 



The hvalues.v file should now appear as shown in Figure 4 on 
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Figure 4. Excerpt from the Completed hvalues.v File 

1/ Module Declaratien 
module hvalues 
( 

// { {ALTERA_ARGS_BEGIN} } DO NOT REMOVE THIS LINE! 
sel, h 

// { {ALTERJL.ARGS_END> } DO NOT REMOVE THIS LINE! 



// Port Beelaifation 

// { {ALTERA_IO_BESIN} } DO NOT REMOVE THIS LINE! 
input [1:0] sel ; 
output [2:0] h; 

// {{aLTBRftu-IQ^END}) DO NOT HEMOVB raiS LINE! 

reg tas'QI'kj 

always @(sel) 
case (sel) 

2'b 00 : h = 3'b 111; 

2'b 01 : h = 3'b 101; 

2'b 10 : h = 3'b Oil; 

2'b 11 : ,fc m 3"* ■m%; 
endcase 

endmodule 



2. Copy Verilog Design Files for Other Blocl(s 



To copy ^iMIi^ Design Files for the tapg, state_ia, and acc blocks: 




^ Copy the taps.v, state_m.v, and accv files that are provided in the 

\qdesigns\tutorial directory into the \qdesigns\fir_filter directory. 
Altera recommends that you copy tutorial files by opening them in 
the Quartus software with the Open command (File menu), 
choosing Save As (File menu) , turning on Add file to current 
project, and then saving the file to the \qdesigns\fir_filter 
subdirectory. 



); 



8. Choose Save ^File ^f»u) . 
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Session 5: Create a Design File with the 
MegaWizard Plug-In Manager 

The design file acc.v requires a 12-bit adder function, which you can 
implement with a variation of the lpin_add_sub function. The accv file 
instantiates thisftmction as accum. You can create this custom variation 
with the MegaWizard Plug-In Manager. For additional information about 
the MegaWizard Plug- In Manager, refer to "3. Enter Primitive & 
Megafunction Symbols" on page 20. 

If you are already familiar with using the Megawizard Plug-In 
Manager, you can copy the following Altera-provided files from 
the \qdesigns\tutorial directory into the \qdesigns\fir_filter 
directory. Altera recommends that you copy tutorial files by 
opening them in the QuEirtus software with the Open conmiand 
(File menu), choosing Save As (File menu), turning on Add ffle to 
current project, and then saving the file to the \qdesigns\ 
fir_£Qter subdirectory. If you copy the Altera-provided files, skip 
to "Compilation" on page 51. 

Description: 

Custom Verilog HDL variation of the 
lpin_add_sub function created with the 
MegaWizard Plug-In Marnier. 

An ASCII text file, generated automatically by 
the MegaWizard Plug-In Manager, used by 
the Compiler to declare Verilog HDL port 
name and order information. 

This session includes the following steps: 

1 . Create a Verilog HDL variation of a megafunction. 

2. A<^H^p8ingenerated files to the project 



File Name: 
accum.v 

accuimJnc 



Altera Coi^oratioa 
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1 . Create a Verilog HDL Variation of a 
MegafunQtion 

To create a custom Verilog HDL version of the lpm_add_s ub function with 
the MegaWizard Phig-In Manager, follow these steps: 

1. Choose MegaWizard Plug-In Manager (Tools menu). The 
MegaWizard Plug-In Manager appears. See the following 
illustration: 



x 



The MegaWizard Plug-In Manager helps you aeate or mo(£y 
design files that contain custom variations of megafimctions. 

Wfiich action do you want to perfofm^ 
(• Create a new custom megafunction variatioij 
<~ Edit an existing cuslorri megafunction variation 




2. When you are asked Which action do you want to perform?, select 
C^||^^^^(|uew custom nibe^i^Cunctton variation and click NexL 

3. In the Available Megafunctions list, click the + icon to expand the 
arithmetic folder, and then select LPM_ADD_SUB. 



6. 



When you are asked Which type of output file do you want to 
emsm^f select Verilog HDL. 

When you are asked What name do you want for the ou^ut file?, 
specify d:Vqdesigas\fir_fllter\accum.v and click Next. 

When you are asked Howiidde should the *dataa' & 'datab' input 
hmm be?« select S. 



When you are asked Which operating mode do you want for the 
addetlmbtxmM?, select Addition only and click Next. 



4B 
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8. When you are asked Is the 'dataa' or 'datab' bus value a constant?, 
select No, both values vary and click Next. 

9. When you are asked Do you want any optional inputs or outputs?, 

make sure aU of the options are turned off and click Next 

10. Whenyouare askedDoyouwanttopipelinethefunction?, selectNo 

and click Next. A Summary page appears, listing the files that the 
MegaWizard Plug-In Manager will create. 

1 1. Click Finish. The wizard creates the accum.vfile, and the file is ready 
to be imported into your project. 



2. Add Wizard-Generated Files to the Project 

To add the accum.v and mult.v files to the flr_£Qtra- project, follow these 

steps: 

1. Choose Add Files to Project (Project metiu). The Add Files tab 

appears automatically. 

2. In the File name box, specify the accum.v file and, if necessary, the 
mult.v file. See the following illustration: 



Altera Corporation 
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General Add Files | ijset Libraries | VHDL Input | Verilcg HDL Input | 



Select the design tiles you want to include in your projecL Click Add Al! to add all design 
iiles in the project directory Note, it is optional to add files here unless you have design 
yxA cori^ped h the pfoject dkffitogjt,gyieatjturi3iey|» (te name is nM the same 




i 



Fie nane^^^HlBIHBHil 


■■lattk , Tjipe 


state_m.v 


Verilog HDL File 


taps.v 


Verilcg HDL File 


mult.v 


Veriioq HDL File 


accum.v 


Verilog HDL File 


fftref.bdf 


Block Diagram... 


hvalues.v 


Other 


acc.v 


Verilog HDL File 







Add At 



9^ 



OK 




3. Click OK. You have now created and added all of the necessary 
design files for the fir_£ilter project. 
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Compilation 

The Quartus Compiler consists of a series of modules that check the design 
for errors, synthesize the logic, fit the design into an Altera device, cind 
generate output ffles for simulation, timing analysis, and device 

The Compiler first extracts information that defines the hierarchical 

connections between a project's design files and checks the designs for 
basic design entry errors. Then, it creates an organizational map of the 
design and combines all design files into a fully flattened database that can 
be processed efBciently. 

You can instruct the Compiler to apply a variety of techniques, such as 
timing-driven compilation, to increase the speed of your design and 
optimize the device resource usage. The Compiler also creates 
prc^piamming files that the Quartus Programmer or another industry- 
standard programmer can use to program or configure an Altera device. 

Both during and after compilation, you can view the results in the 

Compilation Report window. The following tutorial sessions guide you 
through the steps necessary to specify CompUer settings, compile the top- 
level design entity, view the fit in the Last Compilation floorplan, assign 
lggic.^i@ji^U^||Hlj^p[ipa Block (ESB), and recompile the desi^. 



Session 6: Specify Compiler Settings 

The Quartus software allows you to compile an entire design, or to compile 

any constituent part of a design. The "compilation focus," which is the 
design entity you want to compile, can be selected from any portion of a 
project's hierasdfey. 

When you create a new project, the Quartus software creates default 
Compiler settings that specify the compilation focus, the type of 
compilation to p&domx, the device family and device to use, and other 
options. 



51 



You can also create your own customized Compiler settings to override the 

default settings. You can switch between different Compiler settings Vitoen 
you compile a design. This session includes the following steps: 

1 . View the Compiler general settings. 

2. Specify the device family and device. 

3. Specify the Compter mode. 

4. Specify Compiler synthesis and fitting settings. 

5. Specify Compiler verification settings. 

The procedures below explain how to view and edit Compiler 
settings using menu commands and dialog boxes. However, you 
can also easily specify all Compiler settings by following the 
steps in the Compiler Settings Wizard (Processing menu). 



1. View the Compiler Generql Settings 

The General tab of the Compiler Settings dialog box allows you to select an 
existing group of Compiler settings for use during compilation, define and 
save a new group of Compiler settings, specify the compilation focus, or 
delete existing settings. 

To view the default Compiler general settleift created fojr the current 
project, follow these steps: 

1 . Make sure that you are in Compile mode by selecting Compile Mode 

(Processing menu). 

2. Choose Compiler Settings (Proce^ing menu). The General tab 

opens automatically. 

At this point in the tutorial, the General tab displays only the default 
Compiler general settings created by the Quartus software when you used 
the New Project wizard to create the fir_filter project. These default 
settings are given the name of the top-level design entity in the project, 
filtref. See the following illustration: 
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Specifies tire 
current 
Compiler 
settings. 

Specifies ttie - 
tiierarctiicai 
patti name of 
ttie design 
entity you want 
to compiie. 

Stiows the 
existing 
Compiler 

settings for 
your project 



jgg^ipjiei Settings 

General Chips & Devices 1 Mode 



Synthesis S> Fitting Veiification I 



'■I'oii can select ari exrsting group of Compiler settings to use You can aim select the eritity 
you wan! to compile as the "Coiripilation focus," 



, r settings iiltref 



-CompJalicm focus; jlfilt'^'f 
^vailaWe Compiler settings: 



Settings name .1 Eo«aa.. 



filtref 



■ *r* 



[filtref 



AUTO 




iT•^-»l#^•^«fci»V^ 



OK 



2. Specify the Device Family & Device 

The Chips & Devices tab of the Compiler Settings dialog box allovre joa. to 
select the family and device you want to target for compilation. 

To select the device family and dwice, follow th^e sieps: 

1. In the Compiler Settings dialog box, click the Chips & Devices tab. 

2. In the Family list, select APEX20K. 

3. Under Target device, select Spedttc 4@^ce selected Jbi "Availahle 
devices" list, 

4. Under ^owln "Av^able d^ees" list, select the following options: 

a. In the Package list, select PQFP. 

b. In the Pin count list, select 208. 
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c. In the Speed grade list, select - 1 . See the following illustration: 



Identifies tlie 
Compiler 
settings you 
are editing. 




5. In the Available devices Ust, select EP^K].00QC208-1. 

6. Click Apply. 




the Compiler Mode 



The Mode tab of the Compiler Settings dialog box allows you to specify 
options that affect the type of compilation, the compilation speed, and the 
amoiatt^<^c space used for compilation. 

To specify the Compiler mode, follow these steps: 

1. In the Compiler Settings dialog box, click the Mode tab. 

2. Under CompUation level, slBlect Full compilafion. 
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To make future re-compilations run faster, imder Compilation 
speed/iMii^i^ !triid$eff» stlmt SWMXtmm^^^onlmme dkk 
space. 

Make sure the Preserve fewer node names to save disk space option 
is turned on. See the following illustration: 



General I Chips 8 Device; mcJc- jryn> 

t the compilatbn mode, 
s aprti to Compiler settings 'filtref 



. 1,. FitUrig 1 Verification 1 




Compilation level 

C Netlist esiraclion and synlhesi:. orilji including estinfiatei 
Full compilation, including programming tile generatior* 

-CompJation speed/dick usage tradeoff - ■ ^ - • 

C Hornial compilation/less disk space 

(' |[inatcompla(ion7rrme Ssk space. fheCompiJf 
'make future re-compilations run taster and to sur" " 
ireMjorngMon. 



R Preseive tevjer node names to save disk space 

iThis option IS available tor both Normal and Smart compilation] 






4. Specify Compiler Synthesis & Fitting Settings 

The Synthesis & Fitting tab of the Compiler Settings dialog box allows you 

to specify options that determine how a design is implemented in a device. 
You can turn on options in this dialog box to direct the Fitter to optimize 
thtplaeeiiWMl(^C'M:0nlfi9r't@,iM^ 

To specify Compiler synthesis and fitting settings, follow these steps: 

1. In the Compiler Settings dialog box, cUck:^ SilQAesis &Fittiiig tab. 
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5. Specify Compiler Verification Settings 

The Verification tab of the Compiler Settings dialog box allows you to 

specify options for running automatic timing analyses and/or abatch 
simulation at the end of the compilation process. 

To specify Compiler verification settings, follow these steps: 

1 . In tt»4Mqriler SeUinp dialog box, dick the Vmjfication tab. 

2. Make sure that Run timing analyses is turned on. See the following 
illustration: 
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3. Click OK. All of the settings and options you specified are saved in the 
filtref Compiler settings. When you run the Compiler, these current 
Compiler settings apply. 



Session 7: Compile the Design 

During compilation, the currently specified Compiler settings control 
design processing. The Compiler automatically locates and uses all non- 
design files associated with the current compilation focus, such as Include 
Files (.inc) containing AHDL Function Prototype Statements; Memory 
Initialization Files (.mif) or Hexadecimal Intel-format Files (.hex) 
containing the initial content of memories; and Project, Entity, and 
Compiler Settings Files (.psf, .esf, and .csf). During compilation, the 
Compiler generates information, warning, and error messages that appear 
automatically in the Messages window. 
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This session includes the following steps: 

1. Run the Compiler. 

2. Locate the source of a message. 

3. View the Compilation Report. 



1. Run the Compiler 



To compile the filtref design entity, follow these steps: 

1 . Choose Start Compilation (Processing menu) . 

The Compiler immediately begins to compile the filtref design 
entity, and aU of its subordinate design entities, using the filtref 
Compiler settings. As the design compiles, the Status window 
automatically displays, as a percentage, the total compilation 
progress and the time spent in each stage of the compilation. See the 
foUowjiig illustration: 




Total comf^Mm time 



Time spent in individual 
modules 



^Compilt A Simulate / 



In addition, the results of the compilation are updated in the 
Compilation Report window. 

The Compiler runs in the background, freeing your computer — and 
other portions of the Quartus software — for other work. However, 
the compilation of this design entity is short and you should not have 
to wait long for it to finish. 



Si 
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2. When you receive a message indicating that compilation was 



2. Loiiii^lhje Source of a Message 



During compilation, all compilation messages appear in the Processing 
tab of the Messages window. Some messages that appear in the Messages 
window can be located in a design or other source file. 

To locate fte source of a Compiler-generated message, follow these steps: 

1. In the Messages window, click the + icon to expand the 

d: \qdesigns\f ir_f ilter\acc . V defines information 
message. See the foUowi&g iUuslxation: 



Information 
message 



Expanded — 

information 

message 




•■^f> Analyzing source file d:Sqdesigns\fir_filter\acc.v 
B d:\ qdesigns\fif_f illerVacc. V defines 1 design units andl entities 
lEntitvliacd 

'^J Analyzing source file d\qie^ns'#Jiij\a«aj(n.¥ 
B -if^ dAqdesigns\fit_filler\accum.¥ defines 1 design units and 1 entnie: 

■....(f) Entitiil: accum 
Eg .'^ d:\qdesigns\fir_filter\flltref.bdf defines 1 design units and 1 entitle 



' ' ^ Proteasing A|ysler.i/ ^ ... ... » W*rlLl.. 



i 



2. Double-click the Entity 1 : acc expanded information message. 
The accv file, which contains the message source, appears in a Text 
Editor window, and the section that is the source of the message — 
the Module Declaration — is highlighted in the file. See the following 
illustration: 
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' // Module Declaration 

—as 

27 // -[ {ALTERA. AEGS_BEGIN}} DO NOT REMOVE THIS IIME! 

2S Kh, elk, first, yn 

// {{AI.TERA_AR^_ENDB 00 HOT IKMOVE THIS LIME! 

); 

iX // Port Declaration 

// {{A1TERA_I0_BEGIH}} DO HOT REMOVE THIS LIKE! 

input [10:0] xh; 
input elk; 
input first; 
:<7 output [7;0] yn; 

38 {{ALTERA_IO_EHD}} DO MOT REMOVE THIS IIHE! 



reg [ 7 : ] yn ; 
reg [11:0] ynm, inter, result. 



a_in; 



3. Once you tiave finished viewing the source of the message, close the 
Text BcUtor window. 



3. View the Compilation Report 

During compilation, the Compilation Report window appears 
automatically. The Compilation Report provides detailed information 
about the current compilation. When the report first opens, the Summary 
section appears in the right pane of the window. This section provides 
summary information about the compilation, including its final status; 
timing requirements, if any; the name of the design entity compiled; the 
total number of logic cells and pins used in the device; and the total 
amount of memory used. 

The Compilation Report's other sections provide information about the 
design hierarchy revealed by the compilation; the floorplan showing how 
the Compiler placed logic in the device; pin and logic cell usage; global and 
control signal usage; device interconnect usage; operating frequency 
(fjiAx); setup and hold time, and pin-to-pin timing; equations; processing 
time; etc. 
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To view any section of the Compilation Report, follow these steps: 

1. In the left pane of the Compilation Report window, click the + icon to 
expand the appropriate Report window section. See the following 
illustration: 



Left pane — 
selects the 
Compilation 
Report 
section. 

Right pane 
shows the 
Compilation 
Report 
section. 




Legal Notice 
EB-SLJ Project Settings 

Results for "filtref" Compilei Settings 
Summary 
Compiler Settings 
Hierarchy 
Floorplan View 
Device Options 
r^lT"] Resource Section 
State Machines 

^^x=b Equations 
^^C'l Tinning Analyses 
^^^^^cessin^m^^^^^^^^ 



a 



^^^■^'^ 
: Processing status 

Timing requitementsi'analysis status 

Chip name r : 

Device name 
Total logic ceils 
Total Dins 



Fitting Successful 
No requirements 
filtfef 

EP20K100OC208-1 
145 / 41601 I 
22/ 15911 3 '-; I 
/ 53248 (0 , 1 



2. In the left pane of the Report window, select the Report section you 
want to open. The report appears in the right pane of the window. 

Go to "Session 10: View Timing Analysis Results" on page 73 for more 
information about timing analysis results. Go to "Overview: \^vdng the 
Results of a Compilation or Simulation in the Report Window" in Quartus 
Help for more information about the Report window. 



Sessfdif 8: View the Fit In the Lmst Coinpilation 
Floorplan 



J 1. ^r- T-' 



The Quaam-'m^mm^^^m two views of a desl^'s floorplan: 

■ The Current Assignments floorplan allows you to edit the location 
^i^^HMM^itf' SSiMMieiS on the device. 

■ The non-editable Last Compilation floorplan shows how the 
Compiler implemented the desi^ in a device. 
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Each of these floorplans allows you to view information organized by 
interior logic cells, interior logic array blocks (LABs), interior MegaLAB' 
structures, and the device package top and bottom. 

The actual placement and routing of logic in the device may 

differ from that shown in the floorplan illustrations in this 
manual due to improvements made in the Quartus software 
after this manual was fninted. 

This session includes the following steps: 

1. Open the Last Compilation floorplan. 

2. Display routing information. 

3. Display equation information. 

4. Display the MegalAB view. 



1. Open the Last Compilation Floorplan 

After a successful compilation, you can view the results in the Last 
Compilation floorplan. The Last Compilation floorplan shows how the 
Compiler implemented the logic of a design into an Altera device. 

To open the Last Compilation floorplan, follow these steps: 

1 . Choose Open Last Compilation Floorplan (Processing menu) . 

2. To increase the size of the Floorplan Editor window, turn on Full 
Screen (View menu). By default, the Interior Logic Cell view of the 
Floorplan Editor appears, showing the individual logic cells in each 
LAB. Unused logic cells are shown in white. Used logic cells are 
color ^eoded to x^ect the iitarcoBa^ct yis@d in fitttag, 

3. To display the color legend, turn on Color Legend Window (View 
menu). 
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2. Display Routing Information 

To show node fan-in and fan-out, follow these steps: 

1 . Select Routing > Show Node Fan-In & Fan-Out (View menu] . 

2. In the first LAB (LAB I) , select the seventh logic cell down (LC7) . The 
fan-in to the logic cell is displayed in dark magenta; the fan-out is 
shown in dark cyan. The arrows on the fan-in and fan-out lines 
indicate the direction Of flow for the si^sal. See the following 
illustration: 




3. To display the routing delays, turn on Routing > Show Routing 
Delays (View menu). The routing delays associated with the selected 
logic cell appear in the floorpkii atong^de the fan-in and fan-out 
paths. 

4. When you are finished viewing the fan-in and £m-out paths, select 
Routing > Hide Routing (View menu). 



m 
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3. Displniy Equation (nforjnation 



The Equations window allows you to view the equations, fan-in, and fan- 
out for a selected pin or cell. The Equations window appears automatically 
at the botlsn oliliia Floorpkn Editar wipdom 

To view the equations for the reset input pin, follow these steps: 

1. If necessary, to display the Equations window, turn on Equations 

2. Select the reset input pin in the top left-hand corner of the Last 
Compilation floorplan. The Equations window displays the equation 
for the selected pin. The Fan-Out list displays the signals fed by the 
logic cell. See the following illustration: 



3. To expand the equation associated with the 

E1L1Q{ I state_in: instl I f ilter~28 ) node, follow these Steps: 

a. At the top of the Fan-Out list, select the 

ElLlQi I state_m: instl I f ilter~28 ) registered node 
name. 

b. Click Go To >. The equation for the register appears in the 

c. In the Equations list, click the first equation term highlighted 
in blue. The equation term expands to reveal the substituted 
equation, as shovyn in the following illustration: 



Indicates — 
how many 
nodes feed 
or are fed by 
the selected 
Item. 




Fan-In list 



Equations list 



Fan-Out list 
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Selected 
node 



Expanded equation 



4. Display the MegaLAB View 



MegaLABs are large-scale structures within APEX 20K™ devices. Each 
MegaLAB contains 16 LABs, one ESB, and a MegaLAB Interconnect 
structure. 

To display the MegaLABs of the device in the Floorplan Editor window, 
follow iCqps: 

1 . Select Interior MegaLABs (View menu) . The Floorplan Editor 

displays the MegaLABs in the device. Unused resources are shown in 
white, by default. Used resources are color-coded to reflect the 
interconnect used in fitting. See the following illustration: 



Row A 



Column 1 




Clicking the + 
icon expands 
the MegaLAB 
to show 



MegaLAB_A1 



In column 1 row A, chck the + icon to expand MegaLAB_Al. The 
MegaLAB expsBi^ ts show its individual LABs. 

Turn off Full Screen (View menu). 
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4. Select Interior Cells (View menu) . 

5. To close the Last Compilation floorplan, choose Close (File menu). 



Session 9: Assign Logic to on ESB 



You can use a technology mapping option to force the Quartus softvrare to 

implement the logic of a design entity into ESBs. ESBs are structures within 
APEX 20K devices that can be used to implement memory (RAM or ROM), 
or to implement registered logic in the ESB's product term macrocells. 

This session includes the following steps: 

1. Back-annotate assignments. 

2. Verify the back-annotated assignments. 

3. Create a location assignment 

4. Recompile the design. 

5. View the fit in the Last Compilation floorplan. 



After you have compiled the design, you can use back-annotation to 
preserve the resource assignments that the Compiler made during the 
most recent compilation. Back- annotation allows you to achieve the same 
fit with subsequent compilations. 

To back-aimotate the pin and device asi^;nments, follow these steps: 

1. Choose Back-Annotate Assigrunents (Processing menu). 

2. In the Back-Annotate Assignments dialog box, under Assignment(s) 
to back-aimotate, select Pin & device assignments. See the following 



1. 



BocMlnnotate Assignments 
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Assignment(s) to back-annotate — 
C Device assignment 
f* Ein. ^ device assianments 
<~ Pin, cell, & devfces assignments 




OK 




3. 



OickOK 



2. Verify the Back-Annotated Assignments 

You can verify that back-annotation preserved the last compilation 
assignments ^ vteimcig tlie €iiii@iiti^ignments looxpko. 



1. Choose Open Current Assignments Floorplan (Processing menu). 

2. Turn on Full Screen (View menu) . The Chip name list at the top of 
the Current Assignments floorplan displays the chip name and 
EP20K100QC208-1 device you specified, and the pin assignments 
from the last compilation are now shown in the Current Assignments 
floorplan. Because the back-annotation did not include logic cells, 
all logic cells «Ee "" '* * '* ' 

3. Turn off Full Screen (View menu) . 

4. To close tiie Floorplan Editor, choose Close (Filemenu). 



3. Create a Location Assignment 

To assign the statteji: iasei ^B^^mMty to an ESB product term, 
follow these steps: 

1. In the PFojeetlip^ite, i^b^ihe MgMiBihies tidl. 



TO verify the 




steps: 
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The Project Navigator appears by default when you start 
tihe Quartus software. However, if necessary, you can 
display the Project Navigator by turning on AuxUiary 
Windows > Project Navigator (View menu). 

2. In the Hierarchies tab , click the + icon to expand the filtref hierarchy. 
See the following illustration: 



Filtref hierarchy 



Design entity name 



m 



3. In the SlW^imxm^Y, select the stat%,^$wi^^X design entity 
name. 

4. Choose Assignment Organizer (right button pop-up menu). The 
Assignment Organizer dialog box opens, with the Edit specific 
entity & node settings for option selected, and with the hierarchical 
pifitlLiiM)^ of the state_jii: instl entity shown in the Name box. 

5. In the Ass^piment Cat^oiies list, click the + icon to eiqiand Options 
for Entitii^^li^ii < ; 1 1 r, ■ 

6. Click the Click here to add a new assignment text. 

7. Under Assignment, in the Name list, select Technology Mapper. 



In the Setting Ust, select Prochict Term. 




I Compilation Hierarchies 

I e g] filtref 

lil ♦ acc:inst3 



* hvalues:inst2 
gi-* mult:inst6 

* State_m:inst1— 

* taps:inst 



p.- 



m 
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Browse button opens 
the Node Finder. 




Ifiittef|staie_m:inst1 

n Show assignments inherited from higher hierarchical levels i prefect defaults 



Assignment Categories; 



Description: 



Assignments for: |filtreflstate_m;inst1 
li Locations 
E- Timing 
S- Cliques 

',+: Logic Options [Debug Build only] 
+ Options for Individual Nodes Only 
EH Options for Nodes & Entities 
il- Options for Entities Only 

Click here ^^^^mUfigil 
S Local Routing (DetnK) BuMonM 
S- Parameters 
li)" Simulation 



Specifies whether to target look-up table (LUT), product term, or 
ROM sttuctures--or whether to allow the (Compiler to choose an 
appropriate structure-when implementing logic; in the device. [ 



Assignment - 



Name: | Technology Mapper ^ 
Setting: | Product Term 



ZMZl I 



iL 



J JJ 



[- Stored in assignments (or 

f* This instance only 

i~ This instance in all occurrences of its parent entity 
All hstances of Ihs en% (n/a for i^vichial nodes) 

f~ Other ~j\iom:e ' 



9. Click Add. The as^gnment appears in the Assigninent Categories 
list. 

10. Click OK. 
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4. 




Ilie Design 



To recompile the design and implement your new assigrmient: 



Choose Start Compflation (Processing menu) . 



5. View the Fit in the Last Compilation Floorplan 



To view the fit in the Last Compilation floorplan, follow these steps: 

1 . Choose Open Last Compilation Floorplan (Processing menu) . 

2. To increase the size of the Floorplan Editor window, turn on Full 
Screen (View menu). Note that the pin-out has been preserved from 
the previous fit and that logic has been implemented in ESBs. 

3. If necessary, click the Selection Tool button on the Floorplan Editor 



4. With the Selection Tool, point to some of the used ESBs, located at 
the center of row 1. The names of the signals appear in "bubble text." 

The signal names all start with "s t:ate_m," indicating that they are 
part of the state_m entity. See the following illustration: 



toolbar. 



m 
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Chip name: filtref (EP2nt!;i 00QC208-1 ) 



13" 



g E 



□ □ 



2 S. 



s s 

3 8 

DO 



QQ 
□ □ 



Si 

£ s 

£ S' 

QQ 

□ o 



I 




Si 



fSSs 



Turn eS Paffl Seeeen (View menu) . 
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Timing Anolysis 



With the Quartus Timing Analyzer, you can analyze the timing 
performance of all logic that has been processed by the Compiler. You can 
trace signal paths and locate them in the Floorplan Editor, determining 
critical speed paths that limit the design's performance. 

The Quartus Timing Analyzer runs automatically at the end of the 
compilation process, or you can run the Timing Analyzer separately after 
first-time project compilation. By default, the Timing Analyzer reports the 
maximum frequency (fMAx) of every register, the worst-case register to 
register delays, the input setup (tsu) and input hold (tn) times of every 
input register, and the clock-to-output (tco) delays of every output register 
in the design hierarchy. In addition, the Timing Analyzer analyzes all pin- 
to-pin paths and reports the pin-to-pin (tpo) delays between pins. 

When compilation is complete, timing information is reported in the 
Timing Analyses folder of the Compilation R^ort, as shown in the 
following illustrattim: 



r Complef Settings 

h-^^C Hieraichy 
' #^ Floorplan View 

Device Options 
m -M^ Resource Sliciien 

State MadiMt 
h#Q>> Meaagm 
\ -^xh EquaikirB 




Compilation Report 



r-^JUl Legal Notice 
ffl-^d Ptoject Settings 
1=1 Results to "tntief" ConplBC S^i^ 



mm 




— Timing Analyses 
folder 



n 
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The following tutorial sessions guide you through the steps necessary to 
view the timing analysis results in the Compilation Report window, specify 
timing requiremaMtS^'pMllHilMiiwatibClock timmlg^ai^itfe, and assign a 
multicycle path. 



Session 10: Vievy Timing Analysis Results 

After you compile a design, you can view the timing analysis results in the 
Compilation Report. This session includes the following steps: 

1 . View the fjyiAx timing analysis report. 

2. List the fuAX. timing paths. 

3. Locate an f^Ax timing path in the Floorplan Editor. 

4. Vli«r^%^i|iiigwkyslsrepo^^ 

mm Go to "Viewing Timing Analysis Results in the Report Window" in Queirtus 
Help for specific steps on viewing other timing analysis results. 



1. View the f^AX Timing Analysis Report 

The fmax section of the Compilation Report shows the frequency 
requirements and worst-case speed performance of your design. The fmax 
section title indicates whether the f^Ax calculations include delays to and 
from device pins, according to the options you select in the Clock Settings 
tab of the liniiiglliiM^ dialog box (Project menu). 

To open the frnax section of the Compilation Report, follow these steps: 

1. If necessary, to open the Compilation Report, choose Open 
Compilation Report (Processing menu). 

2. In the left pane of the Compilation Report window, eUck the + icon to 
expand the Timing Analyses folder. 

3. Under the Timing Analyses folder, select the frnax section. The fwAX 
information appears in a table. If you specify one of ftiO¥e timing 

requirements related to the current section, the "actual" values 
appear in red if your timing requirements have not been met. 
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4. To expand the list and display the destination registers associated 
with the clock, click the + icon next to the elk clock name. By de&nlt, 
&e list ej^amds to ^ow the 10 lowest destination registers. 

Go to "Specifying Timing Analysis Restrictions" in Quartus Help for 
information abmt m^^mnmiig timing analysis reporting. 



2. List the fyjix Timing Paths 



To list the fjiAx timing paths, follow these steps: 

1. To expand the list and display the source registers feeding a 

destination register, click the + icon to expand the first destination 
register name in the finax section. By default, the list expands to 
show the 10 ^^^\^]:^^rce registers. See the following illustration: 



Clock Name 
~ Destination Registei Name 
- SoUfce Register Name 


Requireif fmax 


Actual fmax tperiod) 
















Istate nn:insnifiltei~29 


None 


G2.G1 MHzi period = 15.973 ns 1 




■ Istate nii:inst1l(iltet~30 


None 


62.88 MHz (period = 15.904 ns 1 






^Istate m:inst1lfilter~28 


None 


63.02 MHz ( period = 15.863 ns 1 






• ltaps:inst|xn 3~1[11~reg 


None 


31.34 MHz (DKiod = 10.348 nsl 






Itapsinsdxn"! [1 l~ieg 


None 


31.58 MHz ( period = 10.320 ns) 






ltaps:instlxn 1~ini~rea 


None 


31.63 MHz ( period = 10.314 ns) 






|taps:instlxn 2~1[11~'eg 


None 


31.96 MHz ( period = 10.874 ns) 






Itaps: inst|xn~1 [01~ieQ 


None 


92.52 MHz (period = 10.808 ns) 






- |laps:inst|iin_1 ~1 [Orrea 


None 


32.33 MHz (period = 10.761 ns) 








Neiw 


33.34 MHz [ peiiod » 1Ql713rn 1 



The actual source and/or destination register names may 
differ from those shown in the previous illustration due to 
improvements made in the Quartus software after Ihis 
pnted. 



■■>fi\*)^-> 

2. Select the first source register name in the list. 

3. Choose List Paths (right button pop-up menu). The delay paths for 
the source register, including intermediate delay paths, appear as 
messages in the Sptem tab of the Mesf^pii w^dow. 
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In the Messages window, click t±ie + icon to expand the internal 
fmax message. The Longest register to register delay, 
Smallest Clock skew. Micro clock to output delay, and 
Micro setup delay messages are displayed. 

Click the + icon to expand the Longest register to register 
delay message. The intermediate time increments used to calculate 
the timing path delay are displayed. The following illustration shows 
a sample delay message. The actual values in the mess^e may vary. 



■V Internal tMAX for dock Iclk between register |state_m:inst1 lfilter~23 and register Iacc:inst3laccum:inst_1 llprfi_add ^ I 
Q- 1+ Longest reg ist er to r egister delay is 1 3.904 ns| ^ 



1 

'■^ 2: 
3: 



kl 



+ IC[0.000 ns) + CELL(0.284 ns) = 0.284 ns; Loc. = EC11_1_A1.: REG Node = '|state_m:inst1lf]lter"29' 
+ IC(0.659 ns) + CELL(2.520 ns) = 3.463 ns; Loc. = EC2J_A1; COMB Node = 'Istate_m:inst1l37~2' 
+ IC(1.224 ns) + CELL(0.759 ns) = 5.446 ns; Loc. = LC3_8_A1 ; COMB Node = 'Itaps: instil 65" 



165-251]' 



i 



3. Locate an f^Ax Timing Path in the Floorplan 
Editor 



To locate the soiurce of a timing path message in the Last Compilation 
floorplan, il»]kn«<lh@^s^8: 

1. In the Messages window, select the Longest register to 
regi mter fte^K^p. ' ""^ 

2. Choose Locate (right button pop-up menu) . The data path is 
hi^ig^ted in the floorplan, and the total timing path delay appears 



iTTit f Kl anr < 



m 
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> filttef Compilation Report 



□ xl 



Oapname; filtref (EP20K100gC208-1) 



£ 

c 

3 
3 

£ 



o 



s s 

c c 
u. a. 

DO 



s s 



do 



3a. 3x 



i i 



I? 



i s 

II 

QQ 



§ s 




The actual data path and delay may differ from the 

* ■ previous illustration due to improvements made in the 
Quartus software after this manual was printed. 

3. To close the Last Compilation fioorplan, choose Close (File menu) . 



4. View the tsu Timing Analyst Iteport 



The tsu section of the Compilation Report displays any setup time 
requirements and the actual tsu for the input pins that feed the data or 
clock enable inpij^ tjpj jtie de$ti$i^tion flipflop. 



To open tiie tsu ! 



! Qtonpilation RepMt» Mow these steps: 



1. In the left pane of the Compilation Report window^ click the + icon to 

ier. j 

Wixdm tbe Timing Analyses folder, select the tsu section. The input 
setup time mfonnation is di^^ipediatii | 
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3. To expand: tbe list and display the register and^gck riame(s) 
associated with the data pin, click the + icon. 

4. To return to the filtref.bdf block diagram, close the Compilation 
Report window. 

You can also view the Register-to-Register, th, tco, and tpd 
sections in the Compilation Report by modifying the procedures 
above. Go to "Viewing Timing Analyses Results in the Report 
Window" in Quartus Help for more information. 



Session 11: Specify Timing Requirements 

In the Quartus software, you can specify timiii^requirements and options 
that apply to the entire project, to specific design entities, or to individual 
nodes and pins. For example, you can specify timing requirements for the 
setup time (tsu). hold time (tn), clock-to-output delay (tco)> pin-to-pin 
delays (tpo), and maximum frequency (fMAx)- 

You can specify timing requirements for the entire project with the Timing 
Settings command (Project menu). You can specify timing requirements 
for individual entities, nodes, and pins with the Assignment Oi^anizer 
command (Tools menu). 

This session includes the following steps: 

1. Specify the default required fMAx- 

2. Cut timing paths. 

The procedures below explain how to specify timing 
requirements and other timing analysis settings using menu 
commands and dialog boxes. However, you can also easily 
specify timing requirements and other timing analysis settings 
by following the steps in the Timing Wizard (Project menu). 
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-trlpecify the Default Required f^AX 



You can specify a target circuit frequency with the fMAX timing setting. You 
can specify a default fjuAX for an entire project, or you can specify a required 
fjiAX for selected portions of the project. 

To specify the default required fiviAX- follow these steps: 

1. Choose Timing Settings (Project menu). The Clock Settings tab 
opens automatically. ' 

2. Under Specify circuit frequency as, select Default required &nax. 

3. In the Default required fmax box, type 4 5 and select MHz in the list. 
See the following illustration: 




Clock Settings | Other Requirements & Options | Timino Analyisis Reporting | 



Speclfji an oveiall default frequency for the pioiect, oi (lie settings for eacfi clock that is part of the 
project. If you create settings for each clock, you must assign the settings to input clock signals 
with the Assignment Organizer (Tools menu). 



Specifies the 
default 
frequency 
requirement. 




You can override the default required fMAx for the project by 
creating clock settings and assigning them to individual clock 

signals in your design, as described in "Sessio|i 12; Perform 
Multi-Clock Timing Analysis" on page 79. 



78 



AhemGaipoFathn 



Quartus Tutorial 



2. Cut Tiinlug Poths 

You can cut specific signal paths to direct the Timing Analyzer to ignore 
false paths during timing analysis. You can turn on options in the Other 
Requirements & Options tab of the Timing Settings dialog box to cut all 
instances of specific categories of paths, or you can cut specific paths on a 
node-by-m4eltesis with the Cut Timing Path optioii Itt #te Ass^nment 
Oi^^nizer dialog box. 

To cut off Imibtt^fton^/Opltis, follow these slip: 

1. In the Timing Settings dialog box, click the Other Requirements & 
Options tab. 

2. Make sure that Cut off feedback from I/O pins is turned on. 

3. Click OK. The Timing toalyzer ignores all M|^ |g@dback from 

within the device. 

Go to "Specifying Project Timing Requirements" in Quartus Help for 
information about specifying tgu. tn, tec tpD timing requirements. 



Session 12: Peiliim MultiXlock Timin 
Analysis 

' TfT' • .-,1 r ■.. n ■ 

The Quartus Timing Analyzer automatically performs single-clock 
frequency analysis as part of compilation. However, the Timing Analyzer 
can also perform timing analysis on designs that use complex timing 
assignments, mft m ^im^sm multiple clocks. 

To perform Ein accurate multi-clock analysis, you must first define the 
relationship between all clocks in the design. To define this relationship, 
you must specify which signals function as the absolute clocks (not 
dependent on other clocks) and the derived clocks (dependent on other 
clocks) in the design. In the Quartus software, you define the behavior and 
requirements of clocks by creating clock settings. Then, you assign these 
settings to tibe dlock signals in the design. 
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This session includes the following^t^p^^ ^^^^ ^ , ^ 

1. Create clock settings. 

2. Assign the clock settings to a pin. 

3. Rerun timing analysis. 

4. "V^ew the Clock Requirement timing anal^^is section. 

1 . Create Clock Settings 

To create an absolute clock setting, follow these steps: 

1 . Choose Timing Settings (Project menu) . The Clock Settings tab 
opens automatically. 

2. Under ^pdy^ circuit frequency as, select Settings for individual 



3. Click New. The New Clock Settings dialog box opens. 

4. In the Clock settings name box, type clockaag^^asameforthenew 
group of clock settings. 

5. To specify that these clock settings are for an absolute clock, under 
Relationship to other clock settings, make sure that Independent of 
oiMr liSiiiiittings is selected', 

6. To specify the required fjviAX of th^ absolute clock, in the Required 
fioiixbiHl, type 50 and select MHz in the list See the following 
illustration: 
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Specifies tlie - 
clock settings 
name. 



Specifies the 
required 
frequency of 
theatsolu^ 
dock. 




7. Click OK. The clocka settings appear in the Existing clock settii^s 
list. 



To create a derived i^Q^ is^ing, follow these ste^s: 

1. Gick New. The New Clock Settings dialog box opens. 

2. In the Clock settings name box, type clockb. 

3. Under Relationship to other clock settings, select Based on and 
select clocka in the Ust. 

4. To specify timing requirements for the derived clock, click Derived 
Clock Requirements. The Derived Clock Requirements dialog box 
opens. 

5. To specify that the derived clock is a multiple of two of tiae absolute 

6. To specify that the derived clock is offset from the absolute clock, 
type 1 . and select ns in the Offset fromJ^piJ^il^te clock fim^ 
box. See the following illustration: 
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7. CUckOK. 



8. In the New Clock Settings dialog box, click OK to add the docldb 
clock settings to the Existing clock settings list. 

9. hi the Timing Settings dialog box, click OK. 



2. Assign the Clock Settings to a Pin 

Once yotffilN^ defined an absolute or derived clock setting, you must 

assign the setting to the appropriate clock signal(s) in the design. In the 
Quartus software, you use the Assignment Organizer command (Tools 
menu) tO iAt^iifcS, delete, edit, and view the assignments in the project. 

To assign the clocka settings to the elk pin, follow these steps: 

1. Choose Assignment OrgnsdMl PiflteiPMi^. Tid%Node tab 
appears automatically. 

2. Under Mode, select Edit specific entity and node settii^s for, as 

shown in the following illustration: 
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3. Under Mode, click Browse (...) next to the Name box. The Node 
Finder dialog box opens. 

4. To find the node you want to assign, in the Node Finder, select Pins: 
all in the Piker list and click Start See the following illustration: 



Quartus Tutorial 



Specifies a node 
name search string. 



Siwwstlw 

current filter 



:all 



Creates a custom 

niter 



Customize... Start 



3 

P include subenlities 
Selected NodgK 





l#'clk filtref 
I^'clkxZ filtref 
^d Unassigne 
I*-d[01 filtref 


Input 
Input 
d Input Group 
Input 


▼ 1 









Cancel 



Shows all nodes found in Specifies the search Copies node names from 
tfte current search. hierarchy level. the Node Finder. 



5. In the Nodes Found list, double-click the elk pin name. 

6. To copy the elk pin name from the Node Finder dialog box to the 
Assignment Organizer dialog box, click OK. You are returned to the 
Assignment Oi^anizer dialog box. 

7. In the Assignment categories list, cUck the + icon to expand Timing. 

8. Click the Click here to add a new assigmnent text 

§. Under Assignment, in the Mame list, make sure ^at Oock Settings 
is selected. 

10. 1o Ideai^ the clock settit^ that should be assigned to the pin, 
make sure that docka is selected in the Settings list. 

11 . C^^:iiM>. The new assigiunent appears in the Assignment 
Categoric list, as slmmia the j 
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By Node | By Categoiy | 

Mode - 

Edit project defaults 




Name; jifiitteficik 

l~ Show assignments inherited from higher hierarchical levels & project defaults 



Descripiion: 



B Assignments for: Ifitreflclk 
il Locations 

^ ' Pin (oiganized 1^ device package 
S Timing 

Click h«e to add a new assignmer 



El- Cliques 

lil Logic Options (Debug Build only) 
SI' Options for Individual Nodes On^ 
El Options for Nodes & Entities 
fi Options for Entities Only 
El Local Routing (Detiug BuSd an|i] 
iS- Parameters 
Simulation 



Assigns user-defined clock characteristics to a signal. To designate ■*• I 
a particular signal as a dock, you must define a named group of Z3 
'clock settings' and assign them to a signal vwth tNs optioa 'r'ou can . 

zi 



Assignment 

NaiQe: Clock Settings . : 



Setting: | clocka 



~3 



Change 



Delete 



[- Stored in assignments for 

This instance only 
C This instance in all occurrences of its parent entity 

-■: ■ '.'-. ,: :: -J '"i;: ^'':U[y U''-. lor FTidiyidudi 

Other Customize... I 




Opens 
the 
Node 
Finder. 



12. Click OK. 

13. Repeat ^eps 1 through 12 to assign the clockb settings to the c lkx2 
pin. 

You can also specify many other types of individual timing assignments. 
Go to "Assigning Individual Timing Requirements" in Quartus Help for 
more infiWM^iin on timing assignments. 
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3. Rerun Timing Analysis 

To rerun timing analysis: 



When a dialog box prompt asks whether you want to recompile 
before starting timing analysis, click No. The timing analysis runs 
without recompiling the design. 

The Quartus software asks you if you want to recompile at 
this point because specifying timing requirements affects 
fitting when you are using timing-driven compilation. For 
this tutorial, recompilation is not nec^^saiy. 

When a dialog box prompt informs you that the timing analysis was 

tmsuccessful, click OK. Timing analysis was unsuccessful because 
the specified timing requirements were not achieved. The following 
sections explain how to make this timing analysisi successfuL 



4. View the Clock Requirement Tinning Analysis 
Section 

hi designs that use complex timing assignments, the Timing Analyzer 
generates a Clock Requirement section for each clock djgnal. The Clock 
Requirement section reports the "slack" times of the timing requirement 
paths. Slack is the margin by which a timing requirement was achieved or 
not achieved. A positive slack, displayed in blade, indicates that the 
requirement was achieved. A negative slack, displayed iti red, indicates 
that the requirement was not achieved. 

To view the Clock Requirement section for the clkx2 signal, follow these 
steps: 

1. In the left pane of the Compilation Repoit«diidM^<eM^lbe + icon to 
expand the Timing Analyses folder. 

2. Under the Timing Analyses folder, select the Clock Requirement 
section for the clkx2 signal. The timing analysis information is 
displayed in a multi-column table. If necessary, drag the resizing tool 
to resize colxmms in the table. See the following illustration: 
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ly The acmal timing values may differ from those in the 

previous illustration due to improvements made in the 
Quartus software after this manual was printed. 

The Clock Requirement section for the clkx2 signal displays slack 
times in red, indicating that the specified fMAx requirement was not 
achieved along the path. "Session 13: Specify a Multicycle Path," 
next, describes how to specify a multicycle path that corrects this 
condition. 



Session 13: SfiM^ ii iinlttcycle PiA. 

In the fir_filter design, the 1.0 ns offset you specified for the clockb clock 
settings causes the Timing Analyzer to report that timing requirements 
were not met. This condition occurs because, by default, the Timing 
Analyzer uses the most restrictive setup relationship when analyzing paths 
between registers that are clocked by different clocks. The Timing Analyzer 
verifies that the dalt Jb p^asirat at the destination»je^N:er in time to be 
properly latched. 

hi designs with multiple clocks, for every latch edge on the destination 
clock, the launching edge on the source register determines the delay 
requirement for the path, hi the flr_filter design, for every latch edge of the 
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destination register, the Timing Analyzer finds the nearest launch edge 
that precedes each capture edge. The smallest difference determines the 
maximum delay requirement. Figure 5 shows tliis condition in the 
fir_filter design: 



Figure 5. Default Multi-Clock Setup Relationship 

Launch edge Latch edge 



dk ' 



cikx2 



10 ns 20 ns 



- t • 











Arrows show the 
setup relationship with 
1 ns offset 



1ns 8 ns It i» 

r • III 



"L 

i_r 



You can use the Multicycle timing assignment to specify a path that 
requires more than one clock cycle to propagate. Assigning a Multicycle of 
2 to all registers clocked by clkx2 allows you to override the default setup 
relationship and delay the latch edge by one clock cycle. Figure 6 shows the 
multi-clock setup relatiomlup aft@r cxisatil^aMiii]pic^G]|e assignment of 2. 



Rgure 6. Multi-Oock Setup Relationship with Multicycle Assignment of 2 



dk 



1 ns 6 ns 11 1» 



Arrows show the default 
setup relationship with 
Multicycle assignment of 2. 
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This session includes the following steps: 



1. 
2. 
3. 



Create a Multicycle timing assignment. 
Rerun timing analysis. 

View the Clock Requirement timing analysis section. 



1. Create Q Multicycle Timing Assignment 



When you make a point-to-point assigrunent between two clock signals, 
the assignment is automatically applied to all register-to-register paths 

between the two clocks. To add the Multicycle assignment to all register- 
to-register paths between the elk and clkx2 pins, follow these steps: 

1. If necessary, to open the filtref.bdf block diagram, choose Ofien (File 
menu) and select filtref.bdf. 

2. In the ffltm^MKHw^ diagram, select tte «lMi>in{mt pin. 

3. Choose Assignment Organizer (right button pop-up menu) . The 
Assignment Organizer dialog box opens, with the Edit specific 
entity & node settings for option selected, and with the hierarchical 
path name of the clkx2 pin shown in the Name box. 

4. In the Assignment Categories list, click the + icon to expand Timing. 

5. Clidj^ !^ Click here to add new assignment text 

6. Under Assignment, select Multicycle in the Name list. 

7. To specify a multicycle path that requires two clock cycles to 
pr opi^MBi fa Ae SMaig box, type 2 . 

8. To specify a point-to-point assignment, in the Fed by box, type elk 
or cltiElftliWig ti' i#ect it with the Node Finder. 

9. Click Add. The iS^graitill "Iten appears in the Assignment 
Categorteslst. 

10. Click OK. 
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2. Rerun Timing Analysis 

To rerun timing analysis; 

1 . Choose Start Tinuog Analysis (Processing menu) ., 

2. When a dialog box prompt asks whether you want to recompile 
before stcirting timing analysis, click No. The timing analysis runs 
without recompiling the design. 

3. When a dialog box prompt informs you that the timing analysis was 
successful, click OK. Timing analysis was successful because the 
specified timing requirements were achieved. 

i 

-I 

3. View the Clock Requirement Timiilg Analysis 
Section .snBrjiwA.^ i 



To view the timing analysis results to determine how setting the Multicycle 
assignment affected timing requirements, follow these steps: 

1 . In the left pane of the Compilation Report window, click the + icon to 
expand the Timing Analyses folder. 

2. Under the Timing Analyses folder, select the Clock Requirement 
section for the c 1 kx2 signal. The Clock Requirement section 
displays all slack times in black, indicating that all timing 
requirements were achieved after overriding the default setup 
relationship with the Multicycle assignment. See the followiag 
illustration: , < 



i'' II fill 
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previous illustration due to improvements made in the 
Quartus software after this manual was printed. 
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Simulation 



Simulation allows you to test a design thoroughly to ensure that it responds 
correctly in every possible situation before you program or configure it into 
a device. 

You must supply input vectors as the stimuli for the Quartus Simulator. 
The Simulator uses these input vectors to simulate the output signals that 
a programmed device would produce under the same conditions. In a 
typical simulation session, you create muMple sets of input vectors and 
check the resulting outjputs. 

Depending on the type of information you need, you can perform 
functional or timing simulation with the Simulator. Functional simulation 
tests only the logical operation of a design, while timing simulation tests 
both the logical operation and the worst-case timing for the design in the 
target device. 

The following sessions guide you through the steps necessary to create a 
Vector Waveform File (.vwf), specify Simulator settings, run a timing 
simulation, md analyze the simulalion results. 



Session 14: Create a Waveform File for 
Simulation 

You can create Vector Waveform Files (.vwf) with the Quartus Waveform 
Editor to use as stimuli for simulation. VWFs describe the simulation input 
vectors and simulation outputs as graphical waveforms. You can also 

specify vector stimuli in a text-based Vector File (.vec). The Quartus 
software allows you to open vector files either in text or waveform format. 

If you are already familiar with creating VWFs vdth the Quartus 
Waveform Editor, you can copy the Altera-provided fir. vwf file 
from the \qdesigns\tutorial subdirectory into the \qdesigns\ 
fir_filter subdirectory. Altera recommends that you copy tutorial 
files by opening them in the Quartus software with the Open 
command (File menu), choosing Save As (File menu), txmiing on 
Add file to current project, and then saving the file to the 
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\qdesigns\fir_filter subdirectory. If you copy the Altera- 
provided file, skip to "Session 15: S|«i^|rlteM|atctr Settings" on 



This session includes the following steps: 

1 . Create a new VWF. 

2. Add input and output nodes to the file. 

3. Edit the input node wavefonns. 



1. Create a New Vector Waveform File 

To create a VWF, fefiow these steps: 
1. Choose New (File menu). 

Z. To select VWF as the file type, elide the Other Fil^ tab and select 
Vector Waveform File. 

3. Click OK. The Waveform Editor opens, displaying an empty 
waveform file, as shown ia the following illustration: 



Master Time Bar: I 10.0ns <| ►[ Pointer: 1.8ns Interval:] -8.2 ns Start:| 



End: 




Valued 















10. 

- '«.v « 


!) ns 

1 1 




■-..•:-*''V- 









4. To change i3m-mA itae #r A^ile^ fifA-pbue (Time menu) . 

5. In the Time box, type 7 00 and select ns in the list. 

6. Click OK. 
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7. To save the file as fir.vwf, choose Save As (File menu), type fir in the 
File mune box, and dick Save. 



2. Add Input & Output Nodes to the File 

You can create a VWF by entering some or all of the ^^ut node waveforms 
and the desired output node waveforms. ' 

To add the nodes, follow these steps: 

1. To find the node names you want to add to tlie file, turn on Auxiliary 
Windows > Node Finder (View menu) . The Node Finder dialog box 

is displayed. • '" i-- 

2. In the Node Finder, select Pins: all in the Filter list. 

3. To find the nodes you want to add to the VWF, c^dk SIsBt. See the 
following illustration: 




4. In the Nodes Found list, select the elk, clkx2, d, newt, reset, 
yvalid, next, and yn_out pins and drag them into the Name 
column of the VWF. You can select multiple contiguous names with 
Shift+Click or select multiple non-contiguous names with 

5. To closfe tfitelSIode Finder, turn off Auxiliary Windows > Node Finder 
(View menu). 
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You can also create custom filters for finding nodes in the design with the 
Node Finder. Go to "Creating a Custom FiltB/* iPQsWtus Help for specific 
instructions about creating a custom filter. 



3. Edit the Input Node Waveforms 



You create the input vectors for simulation by specifying the logic levels of 
the node waveforms. The logic level changes represent the behavior of 
signals in the design. 

To edit the elk input node vraveform, follow these steps: 

1 . If necessary, click the Selection Tool button on the Waveform Editor 
toolbar. -> . 

2. To select the entire elk input node waveform, click the Selection 
Tool on the "handle" of the c Ik node. Tbu^^^^^mide is highlighted. 
See the following illustration; 



Node handle 



I: 



aster Time Bar: 11.B25ns <| >| Pointer: i 8.15ns lnterval:| •3.78ns Start: Ops End:| 1.5us 




-Waveform 
display 



Lists input and output 



3. Choose Clock (Value menu) . 
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4. Under Base waveform on, select Clock settings and select clocka in 
the IWtj-as shown in the following illustration: 



- Base waveform on 
(* Clock settings: 



I clocka 
i (~ Time period: 

Riase 







Duiy cvcle [!.|: [sT 



• r>«*U. 



3 

"3 




5. Click OK. The c Ik waveform is created according to the clocka clock 

To edit the clkx2 input node waveform, follow these steps: 

1 . Click the Selection Tool button on the Waveform Editor toolbar. 

2. To select the entire clkx2 input node waveform, click the Selection 
Tool on the "handle" of the clkx2 node. The entire node is 
highlighted. 

3. Choose Clock (Value menu). 

4. Under Base waveform on, select Clock settings and select clockb in 
the list 

5. Click OK. The c lkx2 waveform is created according to the clockb 
clock sfttings. 

To edit the d input bus waveform, foUow these steps: 

1. To select the entire d input bus waveform, click the Selection Tool on 
highlighted. 

2. Choose Arbitrary Value (Value menu). 
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3 . In the Radix list, select Unsigned Decimal. 

4. In the Numeric or named value list, type 1 6, as shown in the 
following illustration: 




5. Click OK. The d input bus waveform is displayed with a binary value 
of 16. 

To edit the newt input node waveform, follow these steps: 

1. To select the entire newt input node, click the Selection Tool on the 
node's handle. The entire node is highlighted. 

2. Choose Clock (Value menu) . 

3. tlriilt ll^ Wav^rm on, select Time penod. 

4. Type 8 in the Period box, and select ns in the list. 

5. In the Duty Cycle list, specify 2 5 . 

6. Click OK. The waveform displays a repeating waveform wititi a period 
of ns and a duty cycle of 25% on the newt input signal. 

To edit the reset input node waveform, follow these steps: 

1 . Click the Selection Tool at time ns on the reset input waveform 
and drag the pointer to time 20 ns. 

2. Press the right mouse button on the selected interval and choose 

3. Click the Selection Tool at time 20 ns on the reset input waveform 
and drag the pointer to time 40 ns. 



Mem Qp^MiM 
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4. Press the right mouse button on the selected interval and choose 
Value > Forcing High (right button pop-up menu). 

5. To see the entire waveform, choose Fit in Window (View menu) . 

6. Click the Selection Tool at time 40 ns on the reset input waveform 
and drag the pointer to the end of the stimulus file. 

7. Press the right mouse button on the selected interval and choose 
Value > Forcing Low (right button pop-up menu). 

8. To save i^ite ]EEienu^. 

The waveforms appear as shown in the following illustration: 
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Session 15: Specify Simulator Settings 

The Quartus software allows you to simulate an entire design, or to 
simulate any part of a design. You can designate any top-level design entity 
in a project as t^fjiiioiiM^lpcus," \wbich is the design entity you want 
to simulate. 



The Simulator settings allow you to specify the simulation focus, the type 
of simulation that should be performed, the time period covered by the 
simulation, the source of vector stimuli, and other options. 
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You can create and save your own customized groups of settings for use 
with the Quartus Simulator, or you can use the settings that are generated 
automatically each time you create a new project. 

This session includes the following steps: 

1. View the Simulator general settings. 

2. Specify Simulator time and vectors settings. 

3. Specify Simulator mode settings. 

4. Specify Simulator options. 

The procedures below explain how to view and edit Simulator 

settings using menu commands and dialog boxes. However, you 
can also easily specify all Simulator settings by following the 
steps lie Swilator Settings ^t^^mi Processing menu] . 



The General tab of the Simulator Settings dialog box (Processing menu) 
allows you to select an existing group of Simulator settings, define and save 
a new group of Simulattwsetttttfs, specify the sirm^iiQfflt focus, or delete 
existing settings. 

To view the default Simulator general settings created for the current 
project, follow these steps: 

1. Make sure that you are in Simulation mode by selecting Simulate 
Mode (Processing menu). 

2. Choose Simulator Settings (Processing menu) . The General tab 

opens automatically. 

The General tab displays the default Simulator general settings 
created by the Quartus software when you created the project, as 
siiomm in the iid^ii^^ Mil^tion: 




1. 



View the 



Simulator General Settings 




il! 'U tivi|<-,J,, liu*' 
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Specifies the 
current 
Simulator 
settings name. 



Specifies ttie — 
liierarchicai patti 
name of the 
design entifyyou 
wantto simulate, 
and the 
associated 
Compiler 
settings name. 



Shows the . 
existing 
Simulator 
settings in your 
project. 



General I TimeA/ectors | Mode | Options 1= 



You can select an existing group of Simulator settings to use. You can also select the 
top-tevel entity you want to siiriulate as the "Simulation focus." 



Current Simulator settings: || 



I •»'| SaveAs..i 



■ Simulation focus: | Ifiltref (filtref) 
Available Simulator settings: 



777 



TIMING 



~3 




Creates a new 
group of 
Simulator 
settings. 



2. Spaiilr Simulator Time & Vectors Settings 

The TimeA^ectors tab of the Simulator Settings dialog box allows you to 
specify the time period covered by the simulation, and the source of vector 
stimuli. You can provide vector stimuli for simulation in a Vector 
Waveform File (.vwf) or a text-based Vector File (.vec), or you can enter 
vector stimuli in the Tel Console window. 

To specify the simulation time period and the source of vectojc stimuli, 

follow these steps: 

1. In the Simulator Settings dialog box, click the ^inae/ Vectors tab. 

2. Under Simi;teililpirtll4 iKi the Start time box, type and select ns 
in the list 

1. Under End time, make sure that Run simulation iiMI sll vector 
stimuli are used is selected. 
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Under Vectors, in the Source of vector sttoiiili box, type d : \ 

qdes igns \ f ir_f ilterXfir. vwf , or clickBrowse (...) to select the 

file. 



When you run a simulation, the Simulator automatically 
searches for a vector file (.vwf, .vec, or .tbl) with the same 
name as the current Simulator settings. Therefore, it is not 
necessary to explicitly specify a vector file if the vector file 
has the same name as the current Simulator settii^s. 



Under Vectors, make stue that Automatically add pins to smiulation 



Identifies the — 
Simulator 

settings you are 
editing. 



mm 



t !>eiUnas ^illtMitfiiliWnill 

General TimeA^ectors ] Mode | Options | 

Specify the time period you want to simulate. You can optionally provide vector stimuli 
for simjation in a Vector Waveform File (.vwf) or text-based Vector FHe (vec). |You 
can also enter vector stimuli from the Tel Console Window.) 



Oiar^es apply to Simdator settings frlttef' 
Simulation period 



Stat tine: [o" 
End time- 



C flun simulation until all vector stimuli are used 
£nd simulation at: | fr'i "•'1 



Vectors — 
Source of vector stimuli: 



j D:\qdesigns\fir_filter\fir, vwf 

P' Automatically ^dd pins to simulation outpi^ waveforms 

r~ £heck outputs (automaticaly display a comparison of expected vs. 
actual outputs In the smulatlon report) 
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3, Specify Siiniii^tor lW|0de Settings 

The Mode tab of the Simulator Settings dialog box allows you to specify 
which type of simulation should be perfonned. Two types of simulation are 
available: functional simulation and timing simulation. Functional 
simulation tests the logical operation of the design by simulating the 
behavior of flattened netlists extracted from the design files. Timing 
simulation uses a fully compiled netlist, which includes actual timing 
information, to test the logical and timing performance of the design. 



To specify thie tijogmg^routetioii mode. 




1 . In the Simulator Settings dialog box, click the Mode tab. 

2. In the Simulation mode list, select Timing. A description of timing 
simulation appears in the Description field, as shown in the 
following illustration: 



General | TimeAfectcus Mode j Optkiro | 



Select the simulation mode. 



lIlll^l^PIII^PP^Io Simulatot setthgs 'flltref 

Simulation mode: [Timing 
Description. 



-3 



In timing simulation, the Simulatoi uses a compiled netlist that includes estgnated * | 
or actual timing information. This netlist can be a post-synthesis netlist that 
includes only estimated liming, or a fully compiled netlist th.3t includes .actual 
timing information. You can use Tel commands and scripts to control simulation 
and to provide vector stlmuE. You can also provide vector stimuli in a Vector 
Waveform File (.vwf) or a text-based Vector File (.vec). This type of simulation 
also allows you to check setup and hold times, detect pitches, and check 
simulation coverage (the ratio of no(tes simulated to the total numtrer of nodes in 
the design). 




702 



Qtartus Tutorial 



4. Speci^ftiliiiiliif^i 



The Options tab of the Simolator Settings dialog box allov^you to specify 
options that monitor conditions found during simulation. 

To monitor the simulation coverage, foUow these steps: 

1 . In the Simulator Settings dialog box, click the Options tab. 

2. Turn on Simulation coverage reporting. See the following 



General ] TimeA'ectors | Mode Options | 



Select options for simulation. The setup/hold and glitch options aie available onlji for 
a simulatiDn that include: Compiler-genraated timing infotmatioa 

Changes apply to Simulator settings 'fikief 

17 Simulation coverage reporting 

r~ Setup and hold time violation detection 



r~ GStch detection 




Click OK. All of the settings and options you specified are saved as 
the filtref Simulator settings. When you run the Simulator, these 

^^M mppUed to the simtilatton. 
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Session 16: Simulate the Design 

To run the simulation, follow these steps: 

1. Choose Run Simulation (Processing menu) . 

The Simulator immediately begins to simulate the filtref top-level 
design entity and all of its subordinate design entities, using the 
filtref Simulator settings £ind the fir.vwf vector file. As the Simulator 
processes the input vectors and simulates the design, the Status 
window opens automatically, displaying the simulation progress. In 
addition, the results of the simulation are updated in the Simulation 
Report window. 

The Simulator runs in the background, freeing your computer for 
other work. However, the simulation of this design entity is short and 
you wiQ not have to wait long for it to finish. When you analyze a 
larger, more complex design, you can always start a simulation and 
then switch to another application to continue your work. 

2. When you receive a message indicating that simulation was 
successful, click OK. 

m 

■ « Go to "Creating a Breakpoint" in Quartus Help for more information about 
breakpoints. Go to "Updating Embedded Memory" in Quartus Help for 
more information about updating embedded memory. 



Session 17: Analyze the Simulation Results 

During simulation, the Simulation Report window appears automatically. 

The Simulation Report displays useful information about the current 
simulation. By default, the Simulation Waveform section appears in the 
Simulation Report window. The Simulation Waveform section shows the 
beha>4or of the ©i^^^^uring simuliiipi^. 

The Simt^atieni Report also contains other useful sections that provide 
information about the current simulation, including information about 
the Simulator settings, simulation messages, and simulation processing 
times. 
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This session iibdudes the following steps: 

1 . View the Simulation Waveform section. 

2. Create a Time Bar. 



1. View the Sitnulation Wav^orm Section 



Now that you have simulated the logic levels of the focus entity, the output 
node waveforms are defined. You can view and analyze the output logic 
levels in the Simulation Waveform section. 



To view the Simulation Waveform section: 
1. 



If necessary, in the left pa 
Simulation Waveform. 



V, select 



To see the entire waveform, choose Fit in Window (View menu). The 
simulation waveform appears in the right pane of the Report 
window, as ^ovM In following illustration: 



Figure 7. Simulation W aveibim Seetim 
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The Wavefoim ScUte^siiqil^ou to manipulate the data in the following 

ways: 

■ You can change the radix used to display group values. Select a 
group, choose Properties (right button pop-up menu), and select a 
nem fstt Radix list. i 

■ You can move the Master Time Bar right and left to successive 
transitions. Click the movement arrows as shown in Figure 7 on 
page 105. You can also drag the Master Time Bar by its handle. 

■ You can zoom in and out with the Zoom Mode Tool on the Waveform 
Editor toolbar, and with the Zoom In, Zoom Out, Fit in Window, and 
Zoom commands (View menu). 

■ You can create additional time bars and use them to measure 
distances between transitions, as described in "2. Create a Time 



2. Creiito m Time Bar < 

To create a^amhm, Wkmlhe^ steps: 

1. With the Selection Tool, click the Master Time Bar handle and drag it 

until the time bar is aligned with the second rising edge of the elk 
signal. At the top of the vwndow, the Master Time Bar box displays 
30.0 ns. 

2. Move the Selection Tool pointer in the waveform to time of 160 ns. At 
the top of the window, the Pointer box displays 160.0 ns, the time 
where the pointer is located. Note that the Interval box displays 
130.0 ns, the time difference between the Master Time Bar and the 
Selection Tool location. 

3. Press the right mouse button in the waveform drawing area and 
choose Insert Time Bar (right button pop-up menu). 

4. In the Time box, type 160 and select ns in the list, as shown in the 
following illustration: 
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5. Click OK. A new time bar appears on the waveform at 160.0 ns. The 
text +130.0 ns is shown above the second time bar, indicating the 
time difference from the new time bar to the Master Time Bar. See 
the following illustration: ' ^ ' * ' 
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You can move a time bar by dragging its handle to the 
desired point in the waveform. All measurement data is 
updated accordingly. 
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Programming 

With the Quartus Programmer, you can configure Altera APEX 20K devices 
and program the EPC2 configuration device. You can also verify, examine, 
and blank-check EPC2 configuration devices. The Programmer and 
programming hardware (the MasterBlaster™ or the ByteBlasterMV™ 
communj^ft^pis cables) can easily configure a working device in minutes. 

After a successfiil compilation, the Quartus Compiler generates one or 
more programming files, which the Programmer can use to program or 
configure one or more devices. You can download configuration data into 
APEX 20K devices through the MasterBlaster or the ByteBlasterMV 
commimications cable. 

You can configure APEX 20K devices in either Passive Serial configuration 
mode or in JTAG mode. You can program one or more configuration 
devices in JTAG mode. These devices can be programmed in the top-to- 
bottom order specified in Hie progranuning list of the Programmer 
window. However, this tutorial explains how to program only a single 
device. 

This session assumes that the project has already been compiled. 



Session 1 8: Program an Altera Device 

1 

The following steps are covered in this session: 

1. Open the Programmer window. I 

2. Set up a Passive Serial chain. ' 

3. Configure the device. 

4. Change programming modes. 

5. Add a device to a chain. 
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1. Open the Programmer Window 

When you are getting ready to program or configure a device, you need to 
open the Programmer and create a Chain Description File (.cdf) that stores 
device name, device order, and programming and hardware setup 
information. You can use CDFs to program or configure one or more 
devices in a ffl^iAiia IK $ Passive Serial chaiOL, 

To open the Progremimer window and create a CDF, follow these steps: 

1 . Choose New (File menu) . 

2. In the New dialog box, click the Other Files tab. 

3. From the Other Files list, select Chain Description File, as shown in 




E mbedded Lo0c Analjizet Fte 




4. To create the Chain Description File, cliclc OK The Programmer 
lNfladaw&j^m^TSiW^^&fi,mi^^ illusfiration: 
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Mode: JTAG 
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Add File... 



5. Choose Save As (File menu) . 

6. In the Save As dialog box, type f ir_f ilter .cdf IntheFUename 
box. 

7. Make sure that in the Save as type list. Chain Description File is 
selected. 

8. Click Save. 

You can also open the Programmer window by t^oosii^ Open 
Prt^ranuner (Processing menu). 



2. Set Up a Passive Serial Chain 

these steps: 

1 . La the Mode Mst of the Prograpamer window, select Passive Serial. 

2. Under Programming Hardbware, click Setup. l%b@^ba:dware Setup 
dialog box opem 
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3. In the Hardware Type list, select either ByteBlasterMV or 
MasterBlaster and, if necessary, specify the port and baud rate. 
ClickOK, '1,1 .ij'i'i aciiL; 1.'. 

4. CHetAiiWe. 

5. In the Select File dialog box, specify the filtref.sof file in the File 




7. Choose Save (File menu) . 



If you want to program multiple devices, you can repeat steps 1 
through 5 to add additional devices. However, for the purposes 
of this tutorial, ojoLy on@ psigwaswifgJie ka^asssary. 



3. Configure the Device 

To configure the device(s), follow these steps: 

1. To attach tiie appropriate communications cable to your PC or UNIX 
workstation, perform omm 
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>/ Attach the ByteBlasterMV or MasterBlaster cable to your PC. 
Refer to the Quartus Installation & Licensing for PCs manual 
for more irrformation. " ' | 

or 

Attach the MasterBlaster cable to your UNIX workstation. 
Refer to the Quartus Installation & Licensing for UNIX 
Workstations manual for more information. 

2. Chck Start in the Programmer window. A message appears when the 
configuration is complete. 



4. Change Programming Modes 

when configuring APEX20K devices, you can switch between JTAG and 
Passive Serial programming modes. If you select JTAG mode, both 
configuration and programming options appear in the window. However, 
only the Program/Configure option is available for APBX20K and APEX 
20KE devices. All other options that appear in JTAG mode, are available 
only for configuration devices, such as the EPC2 configuration device. See 
the following illustration: 
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5. Add a Qmmm to a Chain 



You can add devices to a JTAG or Passive Serial chain using the 
Programmer window. When you add a configuration device to the chain, 
you can turn on the Examine option to load the programming data from 
the device into a temporary buffer. Then, you can save the programming 
data to a Progrmie^ Oiliet File (.pofi . 

If you want the Programmer to bypass a device in the chain, that is, to allow 
data to pass through it without performing any programming action, turn 
off all programming options — ^Program, Verify, Blank-Check, and 
Examine — for the device. 

To add a device to a JTAG chain, follow these steps: 



2. In the Select Device dialog box, select the device you want to add in 

3. Click OK. 

4. Choose Save (File niea*^< 



For more information about using the Programmer, refer to Quartus Help. 



1. 




r, click Add Device. 



If you want to add additional devices, you can repeat steps 1 
through 3. However, for the purposes of this tutorial, only one 
device is necessary. 
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Contacting Alten} 

If you have any additional questions about Alteta products, contact Altera 
for technical support and product information. 

Technical Support 

If you need technical support, call or fax the Altera Applications 
Department Monday through Friday. 

Tel: (800) 800-EPLD (6:00 a.m. to 6:00 p.m. Pacific Time) 
(408) 544-7000 g^^ium. to 5:30 p.m. Time) 
Fax: (408) 544-6401 " * ' 

You can also e-mail the Altera ApplicatlEmlMpiatnwat at 
sos@altera.com. 

In addition, you can visit the Adas™ online solutions database, which is 
located at http://www.altera.com. 

For additional technical support for the Quartus software, choose Altera 
on tiie Web > Quartus Home Page (Help menu), or point your browser to 
the Quartus support page at https://websupport.altera.com. This web site 
provides information on how to register your software and obtain Ucense 
information, and provides other support information. 



Product Information 

If you need the latest Altera product information or literature, use the 
Altera web site, which is available 24 hours a day, seven days a week. 

Website: 



Go to "Contacting Altera" in Quarms Help for complete information on 
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